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ABSTRACT.
The aims of the study are to make a micro-level 
analysis of the economics of the rehabilitation and 
improvement of terminal irrigation systems in Indonesia and 
to examine the common theory that farmers are unwilling and 
incapable of executing the rehabilitation of the system.
Following an introductory chapter , Chapter 2 describes 
the general condition of the Kayang irrigation System, of 
which the survey was conducted. The conditions described 
are climate, topography, soils, farming systems, and 
irrigation and water management systems.
Chapter 3 gives a detailed description of the sampling 
techniques and the methodology followed in this study. The 
basic approach of this study was a comparative approach, 
comparing the two 'similar' tertiary units, one was the 
Government Pilot Tertiary Demonstration Unit (PTP), and the 
other was the unimproved tertiary unit (Non-PTP).
An evaluation of the condition of the terminal
irrigation systems in the two areas indicated that the
condition was substantially better in the PTP area. Eut in 
the non-PTP area, farmers have also rehabilitated the 
terminal system and the on-farm water supply was considered 
sufficient for paddy in the wet season and in secondary 
crops for the dry season. This is clearly inconsistent
with the common theory that farmers are unwilling and
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incapable of executing the rehabilitation of the systems.
The change of Tertiary units into Pilot Tertiary 
Demonstration Units (PTP) did not make any significant 
difference as far as the cropping pattern and cropping 
intensity are concerned. But in the dry season, paddy was 
planted more widely in the PTP area, indicating that the 
terminal irrigation improvement could achieve a 
considerable amount of water saving.
A comparison of farm inputs and output of paddy, 
soybean and tobacco production in the two areas showed that 
farm inputs and output were generally higher in the PTP 
area .
An attempt has been made to determine to what extent 
this increase could be attributed to the terminal 
irrigation improvement. To investigate these questions , a 
production function model was constructed and the results 
are presented and discussed in Chapter 4. The results 
indicate that the increase in per hectare paddy and soyben 
production is simply due to the greater use of fertilizer 
in paddy and to labour in soybean production. But for 
tobacco in the dry season, the impact of terminal 
irrigation improvement on output was significant.
Chapter 5 deals with the analysis of allocative 
efficiency of inputs used for the crops in the areas. The 
allocative efficiency index was used in the study and it is 
presented as the ratio of marginal value productivity of
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in p u t s  with t h e i r  r e s p e c t i v e  p r i c e s ,  t h e r e f o r e  i n d i c a t i n g
the  e f f i c i e n c y of the u t i l i z a t i o n of in p u t s in the
p roduc t ion p r o c e s s . The comparison of the a l l o c a t i v e
e f f i c i e n c y index of in p u t s between the PTp and the non-PTP
a re a s  on paddy, soybean and tobacco p roduc t ion  sugges ted  
t h a t  the  degree o f  e f f i c i e n c y  of  inpu t  a l l o c a t i o n  in the  
two a rea s  were g e n e r a l l y  a t  about  the  same l e v e l .
The summary and co n c lu s io n  are p re sen te d  in Chapter  6. 
The r e s u l t s ,  though t e n t a t i v e ,  a re  g e n e r a l l y  c o n s i s t e n t  
with r e c e n t  s t u d i e s  (Tay lor  e t  a l  1979) and s t a t i s t i c a l l y  
r e l i a b l e .  The e m p i r i c a l  evidence  s u g g es t s  t h a t  t e rm in a l  
i r r i g a t i o n  system improvement i s  more im por tan t  fo r  crop 
p roduc t ion  where the  water  supply  i s  l i m i t e d .  The achieved 
r e s u l t s ,  however, do not  s u f f i c e  to  draw s t ro n g  c o n c lu s io n s  
due to  l i m i t e d  da ta  and methodology.
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CHAPTER I
INTRODUCTION
1. 1 The problem of water management at the farm level
One of the most significant developments in 
agriculture in South and Southeast Asia during the past 
decade has been the shift from traditional, 
low-productivity to modern high-productivity farming 
systems by the adoption of new fertilizer responsive 
varieties of rice and w h e a t . These high yielding varieties 
had spread to cover a quarter of the rice area and over 
half of the wheat area in 1973-1974 
(Asian Development Eank 1978:65).
Research to discover and refine potentially productive 
crop varieties has opened many fresh avenues for 
cultivators to expand the productivity of their land, but 
virtually all the new varieties depend for their success on 
an assured and timely supply of water for crop growth. The 
demand for irrigation water generated by modern 
agricultural techniques is different from that which arises 
from traditional methods of cultivation, therefore, 
irrigation infrastructures built for older technologies of 
traditional farming are not usually suitable for modern 
high-output agriculture. Host of field-to-field gravity 
systems that were constructed from the late 1 9th century 
until recent years used design criteria that did not
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provide each cultivator with close control over the receipt 
and disposal of water at his particular field which is 
necessary for the flexible management of his farm operation 
(Suzuki 1977:99).
The delivery of water at each field is uncontrolled 
because field canals have not been dug to carry water from 
canal inlets to each individual field, or to carry excess 
water from each field to the collecting drain at the bottom 
of the command area. As a consequence, farmers could not 
draw water independently from each other as the need arose 
from the conditions of crop and soil moisture in their 
particular fields. Instead, each farmer must wait for the 
water released to cover all the fields across the slope by 
the slow movement from the uppermost level to the lowest. 
The entire command area must be saturated whether the crops 
on the same field need water or not. As a result water is 
often wasted, crops suffer from over irrigation or 
deficient moisture depending upon the frequency of water 
release for the entire irrigation block, and farmers cannot 
select crops that have widely varying water requirements 
for production on fields located at different points in the 
same command area.
Although the introduction of superior agricultural 
technologies has increased output, paddy yields per hectare 
in South and Southeast Asia are generally below those in 
East Asia as shown in Table 1. 1. East Asian countries, 
that encountered a land constraint in the early part of the
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century have long been exploiting the potential for better 
farm productivity through the introduction of modern 
technology in agriculture and the improvement of water 
management at the farm level.
TABLE 1. *. PADDY YIELD IN SELECTED ASIAN COUNTRIES
( 1)
IN 1955-1973.
(tons/ha)
Country 1955 1965 1973
South Asia
Bangladesh 1.4 1.7 1.7
India 1.3 1.5 1.7
Nepal 0.9 1.9 1.7
Pakistan 1.3 1.5 2.4
Srilanka 1.6 1.9 2.3
Southeast Asia
Burma 1.5 1.6 1.7
Indonesia 2.0 2. 1 2.7
Malaysia (West) 2. 1 2.5 2.9
Philippines 1.2 1.3 1.6
Thailand 1.6 1.9 1.9
South and Southeast
Asia (Average) 1.4 1.6 1.9
East Asia
Taiwan 2.8 3.9 4.0
Korea 2.6 4.3 4.9
(1) Five year average centered on the years shown.
(2) Average for the period 1970— 197^.
Source : Asian Development Bank, 1 2978, Rural Asia;
Challence and Opportunity, Praeger Publisher, New York, 
P 67.
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The remedy for this situation has long been known. 
The intensification of terminal irrigation facilities, 
which began in Taiwan in 1956, now receives considerable 
emphasis throughout South and Southeast Asian countries. 
Intensive terminal irrigation facilities have been 
introduced in the Thakuragaon Tube well Project, Bangladesh 
(Rachman '977); in the Sambalpur District of Crissa, India 
(Easter 1977; and Kumar 1977); in the Patharya Irrigation 
Project, Nepal (Shrestha 1977); in the irrigation systems 
in the provinces of Laguna, Eulacan and Nueva Ecija, 
Philippine (Wickham and Valera 1979); „ in the Chao Phya 
River Basin, Thailand (Trung 1979); in the Tanjung Karang 
Irrigation Project, Malaysia (Pang 1979); and also in 
Prosida and Jatiluhur Irrigation Projects, Indonesia 
(Booth 1977).
The terminal irrigation system is the smallest unit of 
an irrigation system and at the same time the largest 
irrigation unit of the farm level system. The terminal 
irrigation unit is in fact a large farm, to be operated as 
one unit, but with the difficulty that it constitutes not 
one enterprise but many small enterprises. An ideal layout 
for terminal irrigation system is one where every farm has 
a separate intake from the irrigation canal , a separate 
outlet to a drain , and access to a road . To introduce such 
a layout in a small farm holding is not always possible 
since it would involve land consolidation, land 
reallocation and major land levelling. Under these
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circumstances the best approach for improving the terminal 
system is not to aim for the best technical solution, but 
for the best solution attainable which will fit into the 
present situation. Using this approach every country has 
developed its own methods for modernizing their terminal 
irrigation systems.
Much research has been done in Taiwan, Malaysia and 
India that deals directly with the impact of terminal 
irrigation systems on agricultural performance. A Study in 
Taiwan concludes that terminal irrigation facilities could 
achieve a water saving of about 20-30 percent without 
sacrificing paddy yields (Wen 1977:208); in India, 
terminal irrigation facilities have reduced the water 
supply problem faced by the farmers and led to an overall 
increase of 13 percent in the irrigated area and 9 percent 
in cropping intensity. Furthermore, the improved village 
rice yields were 3*0 to 3*4 quintals per acre higher than 
yields in the village without field channels 
(Kumar 1977:46); in Malaysia, the development of terminal 
irrigation systems increased the wet season irrigated area 
by 9 percent and the cropping intensity by 24 percent. 
Over the duration of the project, yields were projected to 
increase 1.3 ton per hectare in the wet season and 1.1 tons 
per hectare in the dry season (Pang 1979:44)
Although from a conceptual standpoint the possibility 
of expanding irrigated production through more intensive 
terminal irrigation facilities has considerable appeal,
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reasearch that was done in the Philippines gave a different 
result. The Philippine study related the number of stress 
days or days that sample paddies were drained of surface 
water to a number of physical factors, including farm ditch 
density. In a multiple regression model relating six 
physical variables to stress days, for paddy located near 
irrigation water sources, increasing farm ditch density was 
found to be associated with slightly greater stress rather 
than with less stress (Wickham and Valera 1979:62).
In Indonesia a further phase of irrigation strategy 
which emphasizes terminal irrigation development has been 
started in the second Five Year Development Plan 
(PELITA II) which ran from April 197  ^ to March T979. This 
programme will be discussed in the following section.
1.2 Irrigation development in Indonesia
Although Indonesia has a monsoonal climate with an 
annual rainfall in the rice producing areas ranging from 
between 1,500 to 3.000 mm per annum, irrigation is of 
critical importance to rice production. On Java a large 
part of this rainfall comes in the wet season and while in 
aggregate it is usually adequate for paddy production, its 
distribution during the year varies, with the result that 
there may even be periods during the wet season when the 
supply of rain water is inadequate for optimum rice 
production. During these periods supplementary irrigation 
is required to ensure technically efficient rice
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production. On the other hand crops can also be damaged 
during the wet season because of excessive amounts of rain , 
making drainage just as important as irrigation in most 
rice growing areas. During the dry season rice production 
on Java is usually impossible without irrigation. Other 
crops such as soybeans, maize and tobacco are also 
irrigated, most of these crops being part of a rotation 
with rice. On the islands outside Java rainfall patterns 
vary a great deal. Tn Sumatra the distribution of rainfall 
during the year is more even than in most of Java resulting 
in a less pronounced dry season. However, more permeable 
soils in the islands outside Java often make supplementary 
irrigation necessary. In most of eastern islands the wet 
season is shorter and more pronounced with a severe dry 
season on many islands.
Irrigation development in Indonesia is the 
responsibility of either the national or communal
authorities. The national system is the joint
responsibility of the Government and the local community. 
The Government is responsible for the main system (primary 
and secondary), and the local community for the terminal 
system (tertiary and quarternary). These systems usually 
command a large area and many were constructed in the 
colonial period. There are three main types of system:
(a) "Technical" irrigation systems which have water supply 
and drainage systems which are separate and where water 
supplies are measured; they usually have permanent,
well-maintained structures.
(b) "Semi technical" systems which have no measurement 
device, and where conveyance systems are not completely 
separate .
(c) "Simple" systems which have no measurement device, and' 
where conveyance systems are not fully separate with 
the possibility of recirculation of water.
In communal (village) systems, the construction and 
management of the irrigation systems are the responsibility 
of the local community, although the goverment still 
renders assistance with the preparation of plans and 
design, with heavy earthwork and large structures. These 
systems normally have a relatively small command area and 
have a wide range of physical structures and organizational 
arrangements .
Table 1.2 provides a summary of the service area of 
the existing irrigation systems in 1977. The command area 
of the entire national irrigation system is about 4 million 
hectares. The distribution by irrigation type is: 
2.1 millions hectares defined as technically irrigated, 
0.9 millions hectares as semi technically irrigated and 
1 milliom hectares as "simple" irrigated areas. Sixty-five 
percent of the national systems are concentrated on Java. 
The more sophisticated types of irrigation are even more 
maidistributed. About 80 percent of the technically
irrigated land is on Java.
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TABLE 1.2. EXISTING IRRIGATION SYSTEM IN INDONESIA.
(October 1977)
( 1000 ha)
Island National Irrigation Systems 
( 1)
Gravity system Tidal
and
Technical Semi Simple swamps
technical system (2)
Village
irrigation
system
Total
Java 1,631 385 55 1 - 533 3, 10.0
Sumatra 22*1 320 282 29 293 1, 1*18
Kalimantan 3 15 *11 35 16 111
Sulawesi 1*10 85 *15 . - 85 35*1
Nusa Tenggara 63 61 51 - 38 21*1
Eali - *1*1 8 - 51 10*1
Maluku - 1 - - - 1
Total 2,062 9 12 980 6*1 1,0 16 5,033
( 1) Term used to cover traditional gravity irrigation systems,
most of them are based on run-of-the river supplies.
(2) Tidal and swamps systems are not irrigation systems in the 
conventional sense, since they usually allow little control 
over water supply and mainly provide drainage. The table 
does not include swamp areas where spontanoues settlers have 
established drainage systems.
Source: Directorate General of Water Resources Development,
Ministry of Public Works and Directorate General of Food 
Crops, Ministry of Agriculture.
Quoted from IBRD, *978, Indonesia; Irrigation Program 
Review, Report No 2027a-IND.
Following nearly thirty years of neglect, especially 
since the second world war, the basic infrastucture of the
irrigation system in Indonesia has deteriorated
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considerably. The decline in the irrigation system is due 
to many factors, but primarily to the absence of 
maintenance. This in turn has been caused by inadequate 
finance. This kind of mismanagement has resulted in most 
of the primary and secondary canals becoming shallow and 
damaged and has brought about substantial deterioration in 
water works. This results in damage to the canals which 
convey water to the rice fields and to the discharge 
canals. In addition farmers have become more reluctant to 
maintain tertiary canals.
The productivity of the irrigation system is also 
lowered by erosion which leads to less fertile soil in the 
irrigation regions or on the mountain slopes. Erosion 
makes rivers shallow and causes floods during the rainy 
season. It is caused by nothing less then the laying bare 
of protective forests by irresponsible elements. These 
imperfections have resulted in a 50 percent drop in the 
normal capacity of the canals, and a loss of water two or 
three times greater than what it usually would be. This 
has led to a decline in the acreage of rice fields with 
regular irrigation (Eooth 1977,Part 1:50-51).
In considering the above mentioned problems and also 
the objective of self sufficiency in food production, the 
Five Year Development Plan starting from /'pril 1969 
endeavoured to endorse a large-scale rehabilitation of the 
technical and semi technical systems, the control of 
erosion and improvement in water management. Because of
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the large volume of rehabilitation work to be done on each 
system, only the most essential works, which were required 
to put the system back in working order , were undertaken. 
They consisted mainly of reconstructing diversion weirs, 
dredging main and secondary canals and replacing broken 
down structures.
In determining the design of irrigation rehabilitation 
projects in the First Five Year Development Plan it was 
generally accepted that construction of the irrigation 
system by the Government would extend down to units serving 
about 1000-15CO ha each. With the exception of the first 
50 m of tertiary canals, which were constructed by the 
government, there were no cost entries in the 
rehabilitation projects for the terminal system, since it 
was assumed that farmers would carry out these works using 
volunteer labour. Drains below the secondary level were 
similarly excluded from the works to be carried out by 
government.
In an effort to demonstrate to farmers the benefits 
from the terminal systems, in 197* Pilot Tertiary 
Demonstration Units (PTP) , were introduced throughout the 
systems being rehabilitated under the First Five Year 
Development Plan. The works included tertiary, and 
quarternary canals and structures, inspection roads and 
tertiary and quarternary drains, details of which are given
in Table 1.3.
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The following general rules apply for the design of PTP 
(IBRD 1976:2-3):
(a) The size of tertiary units are reduced to 80-120 ha.
(b) A tertiary unit is subdivided into a number of 
quarternary units (each about 10 ha) and field-to-field 
irrigation will be limited to 6-10 fields.
(c) Drainage is to be obtained through tertiary drains 
which discharge into secondary drains or natural 
streams.
(d) All canals and drains alignments should follow the 
boundaries between the individual fields.
(e) The property of different villages has to coincide with 
boundaries of quarternary units.
( 1)
TABLE 1.3. TERTIARY DEVELOPMENT.
(Work items and quantities per 100 ha)
Item Length/quantity
Earthwork
Tertiary canals 5.5 km
Sub tertiary canals 10.0 km
Quarternary canals 5.5 km
Tertiary drains and 
quarternary drains 4.0 km
Inspection roads 1.5 km
Structures
Tertiary division boxes 2.0 boxes
Quarternary division boxes 4.0 boxes
Other stuctures 3.0 boxes
(1) Total cost is about $US 1,260, this is not incl i
contingencies 15 percent and engineering, supervision 
and administration 10 percent.
Source : IBRD, 1976. Indonesia: Appraisal of Irrigation
VII, Report Mo. 1035-IND, Annex *1, Table 2.
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In 1976, the World Eank reviewed the irrigation in 
Indonesia and amongst other things, pointed out that the 
farmers were incapable of executing the works for several 
reasons (IERD 1976):
(a) The terminal system covered a large area, while the 
farmers had neither the technical knowledge to set out 
canal systems to correct lines and grades, nor the 
design experience to locate and build tertiary control 
structures .
(b) Construction of control structures required cash 
outlays in addition to volunteer labour and was often 
beyond the farmers' means.
(c) Although the total amount of land loss due to 
constructing the terminal system was small , it meant a 
substantial loss to some individual owners. Without at 
least some minimal arrangements for right-of-way 
compensation, farmers were unwilling to construct the 
system.
(d) The recruitment of all farmers in several villages to 
go out and construct the systems required at least some 
organizational support from the Government which, 
however, was not forthcoming.
The Government therefore agreed to assume 
responsibility for construction of the tertiary systems as 
a part of the project works under the Second Five Year Plan 
(PELITA II). With regard to tertiary development, the 
Government adopted the following policy. The Ministry of 
Public Works has responsiblity for plan preparation and
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design of terminal systems and for construction of tertiary 
boxes and other structures. Funds are made available also 
for the construction and rehabilitation of terminal systems 
through:
(a) INPRES, a rural public works programme, executed 
through the local government (Kabupaten).
(b) Project Padat Karya (Labour Intensive Project), 
Ministry of Transmigration, Cooperation and Labour.
(c) Irrigation projects through the Ministry of Public 
Works.
TAELE 1.4. TERTIARY IRRIGATION DEVELOPMENT PROGRAMME IN INDONESIA
UNDER THE SECOND AND THIRD FIVE YEAR DEVELOPMENT PLANS.
( 1974- 1984)
( 1000 ha)
Island Five Year Development Plan Total
Second Third
( 1)
Java 252 1,273 1,525
Sumatra 33 524 557
(2)
Kalimantan 7 69 76
Sulawesi 33 257 290
Nusa Tenggara 13 168 181
Mai uku - 1 1
Total 339 2,293 2,632
(1) Included IBRD's project under seventh credit aggreement 
which covered an area of 100,COO ha.
(2) Included some of the village irrigation systems.
Source: Directorate of Irrigation, Ministry of Public
Works, 1979.
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The tertiary irrigation development programme which 
was undertaken in the Second Five Year Development Plan, 
has been continued in the Third Five Year Development Plan 
covering about 2.6 million ha (Table 1.*l) or about 65 
percent of the total area of the national irrigation 
system, at a total cost of about $ US 587 million.
Research dealing with the peformance of terminal 
irrigation development has been done in the Pemali Comal 
Irrigation Project, Central Java (Satya Wacana Christian 
University 1978). The research was intended to evaluate 
the results of the terminal irrigation programme on 
agriculture performance and to describe the system of water 
management at the farm level. The data collected gave the 
following information:
(a) In Pilot Tertiary Demonstration Unit areas, the 
rehabilitation of the terminal system did not make any 
significant difference as far as the cropping pattern 
was concerned.
(b) The improvement of terminal irrigation facilities did 
not change the amount of input use, such as seed, 
fertilizer, or labour in the rice production process.
The study also indicated the ineffectiveness of the 
Pilot Tertiary Demonstration Units as follows :
(a) The construction and rehabilitation of terminal systems 
were not well and strictly controlled, this fact 
results in insufficiency and imperfection of physical
infrastuctures.
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(b) Farmers were not given enough opportunity to take part
in the planning and execution of the irrigation 
systems. This results in the lack of sense of
belonging and responsibility amongs farmers, and their 
unwillingness to take part in the management of
terminal systems.
(c) Dharma Tirta, as the sole organization of water users
which has been establish by the government, has not
been followed up by sufficient and regular up-grading.
This made Dharma Tirta unable to arouse, lead and chan-
( 1)
nel the farmers to take part in th$ir activities.
Unfortunately, at the time when the research was carried 
out the rice fields in the investigation village suffered 
from "wereng" (leaf hopper) and rats, so that production, 
especially of rice, went down drastically, even to total 
failure. For this reason the attempt to evaluate the 
production of Pilot Tertiary Demonstration Units can be 
said to have been unsuccessful.
(1) The Dharma Tirta is the organization for 
controlling the supply and use of irrigation water at 
the farm level . It was introduced by the Central Java 
Provincial Government by the regulation in 1975. The 
Dharma Tirta concept presupposes strong but democratic 
village government with the village council as the 
highest local authoritiy. Its operation is voluntary 
cooperation, mutual help and agreement. Dharma Tirta 
leaders are usually farmers elected by their 
constituent farmer members. They are responsible for 
the operation and maintenance of terminal irrigation 
systems, as well as regulation enforcement and fee 
collection (Hutapea et al 19791167).
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Another World Eank review of irrigation in Indonesia in 
1978, pointed out that there are some circumstances in 
which farmers already have rehabilitated or constructed the 
terminal irrigation system, and the justification of 
terminal irrigation rehabilitation support by the 
Government has to be considered on a case by case 
basis (V/orld Eank 1978:77).
In view of these findings, it would seem important 
that more research be undertaken to determine the impact of 
the terminal irrigation development already implemented by 
the Government, and to examine the theory that farmers are 
incapable and unwilling to rehabilitate the terminal 
systems by themselves. The present study is a step in that 
direction. It has been undertaken in the area covered by 
the Mayang Irrigation System in the Pekalen Sampean 
Irrigation Project, East Java. The irrigable area served 
by the Mayang irrigation system is defined as "technical"; 
i.e. provided with control structures and measuring 
devices down to tertiary head level. The physical and 
technical characteristics of the main irrigation systems 
may be considered of high quality. In terminal systems, 
except the two terminal systems within the Pilot Tertiary 
Demonstration Units, only 50 meters of tertiary canals from 
the main canal has been rehabilitated by the government. 
The Mayang irrigation system will be discussed in greater
detail in Chapter 2.
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1.3 Objective of the study.
This study is undertaken with the aim of increasing 
information about and broadening the understanding of 
terminal irrigation development, with particular emphasis 
on its economic aspect. The study is primarily concerned 
with :
(a) Water management problems with particular emphasis on 
characteristics at the terminal level reflecting 
conditions with and without the rehabilitation which 
have been implemented by the government.
(b) The impact of the rehabilitation of terminal irrigation 
facilities on cropping patterns and cropping 
intensities .
(c) Comparision between the mean levels of inputs used and 
outputs obtained in the Pilot Tertiary Demonstration 
Unit (PTP) and Non-PTP areas.
(d) To analyse the farm's input-output relationship for the 
crops grown in the PTP and Non-PTP areas.
1.4 Outline of the study.
Keeping the above mentioned objectives in view, the 
sequence of chapters is as follows:
(a)- In chapter 2, a general description of the Mayang 
irrigation system will be given. The conditions
described are climate, topography, soils, farming 
systems, irrigation system and water management
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procedures. The terminal irrigation programme will 
also be described in this chapter.
(b) In chapter 3. the sampling techniques used and the
methodology followed in the study will be presented. 
This chapter also provides an evaluation of the impact 
of terminal irrigation rehabilitation on cropping 
patterns, cropping intesitiy. There is also a
comparison between the average level of inputs and 
output of the crops grown in the two selected areas.
(c) Chapter 4, deals with a description of the Cobb-Douglas 
production function which is used to analyse the farm's 
input-output relationships in the PTP and non-PTP 
areas. The results and their interpretation will also 
be discussed in this chapter.
(d) Chapter 5 deals with the analysis of allocative 
efficiency of inputs of the crops grown in the areas.
(e) Chapter 6 presents the summary and conclusions drawn 
from the previous chapters.
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CHAPTER 2
THE MAYANC IRRIGATION AREA.
The Mayang irrigation system covers an area of about 
9,000 ha, and is located in the Mayang Section of Eondowoso 
Irrigation District, one of the three districts in the 
Pekalen Sampean Irrigation Project, East Java. It is 
situated between the latitudes of 8.25'S to 8.51'S and 
between the longitudes of 113*25 'E to 113.47’E. The system 
is divided into two sub-sections for the purpose of 
administration and control, namely, the Jenggawah and 
Ambulu sub-sections of 4,639 ha and 4,353 ha respectively. 
The system is shown in Appendix C.
2. 1 Climate
The climate is tropical and monsoonal. Temperatures 
vary only a few degrees around the annual average of 25' C. 
The mean daily humidity varies from 71 percent in January 
to 86 percent in April , day lengths are almost constant 
throughout the year, therefore, the temperature is suitable 
for year round cropping.
The study area has two distinctive seasons, the wet 
season in which approximately 70 percent of the rainfall 
occurs, extending from November to April (west monsoon) and 
the dry season from May to Cctober (east monsoon). Annual
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rainfall varies from around 1,400 mm to more than 2,000 mm 
in certain parts of the command areas. Monthly mean 
rainfall data for the years 1926 to 1969 have been recorded 
at five rainfall stations within the study area; results 
from one of them are shown in Table 2.1.
( 1)
TABLE 2.1. AVERAGE MONTHLY RAINFALL IN MAYANG SECTION.
(mm)
Months Normal
(2)
rainfall
Rainfall
during
1978-79
Deviation
November 138 145 ' + 7
December 228 27 1 + 43
January 212 113 - 99
February 198 145 - 53
March 219 134 - 85
April 172 110 - 62
May 87 228 +14 1
June 33 35 + 2
July 47 - - 47
August 12 - - 12
September 1 1 - - 11
October ' 36 27 - 9
Total 1,393 1,208 -185
(1) Among the five stations annual means vary between 1,358 
and 2,497 mm.
(2) Records of rainfall station no. 122a, Jatisari .
Source : Mayang Section, Pekalen Sampean Irrigation
Project, 1979.
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The records indicate that during the wet season there were 
no conditions of drought, and so it can safely be assumed 
that appreciable rainfall is assured. In this season, 
irrigation supplements rainfall and rice is virtually the 
sole crop. During the dry season (which is officially 
conceived as containing two distinct cropping periods - 
"Polowijo" or secondary crop I from April to August and 
"Polowijo" II from August to November), there may be a 
little rain in each month on average, but for one year in 
five there can be periods with no rainfall for a period of 
3-1! months between June and September.
2.2 Topography and Soil.
The canal systems in the Mayang Section start from 
Mayang River , in whose upper reaches there are rapid 
hill-streams and the valleys are narrow and steep. The 
plains which occur in the valley bottoms are level but 
still fairly steeply sloping. Since the areas have been 
cultivated for many years, the topography presents no 
problems for annual crop cultivation. The soils are
largely of volcanic origin and are mainly alluvial. They 
range from clay loams through silty clay loams to heavy 
clays with good depth, all having moderate permeability 
except for the heavier clays which are highly impermeable. 
The soils are slightly acid to alkaline in reaction, and
have fairly high organic matter and clay content and a
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relatively high cation exchange capacity. Total nitrogen 
is low and all soils show good crop response to nitrogen 
application. Total phosporous and potassium content is 
high to very high. The area, therefore, is considered 
highly fertile, and with proper irrigation and drainage, 
suitable for the cultivation of a wide variety of annual 
crops, amongst which are paddy, maize, soybeans, groundnut 
and to tobacco. Referring to low nitrogen and high 
phosporous and potassium content, it was recommended that 
150-200 kg urea per ha for rice and groundnut, and 100-175 
kg urea per ha for maize and soybeans should be applied 
(FATEMETA IPB 1976).
2.3 Population and farm size.
Like most other parts of rural Java, the area of 
Mayang Section is very densely populated. The population, 
according to FATEMETA IPE (1976), was 2,299,678 and the 
population density is 895 per square km, of which about 70 
percent were dependent on agriculture for their livelihood.
The distribution of land among those who own or 
cultivate is markedly skewed, a recent study indicates that 
68.4 percent of all farm units were below 0.5 ha, 16.5 
percent were between 0.5 to 1.0 ha, 14.9 percent between 
1.0 and 5 ha , and 0.2 percent above 5 ha
(Eottrall 1979:11).
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2.4 Agricultural suport programme.
The most important Government programmes which support 
farmers in agriculture are BIMAS (Mass Guidance for Self 
Sufficiency in Foodstuffs) and INMAS (Massive
Intensification). The BIMAS programme provides eligible
farmers with loans for subsidized HYV seeds, chemical 
fertilizers, pesticides, a cost of living allowance, and 
also extension services. The loan is for seven months at 
one percent per month interest rate. The village head and 
the representatives of the People's Bank of Indonesia 
(ERI), which provide credit to farmers, determine each 
farmer's eligibility for BIMAS, evaluating his farm size (5 
ha or less) and credit worthiness (not more than 2 years 
overdue with BIMAS repayments). The BIMAS programme is 
available for paddy, maize, soybeans, groundnuts, greenpea, 
sorghum, and sugarcane. The INMAS programme provides 
subsidized seeds, fertilizer and pesticides but no credit 
and extension service.
Provincial agricultural officers determine the 
varieties of seed, fertilizer and pesticide application 
rates, according to local requirements. In 1978-79, the 
BIMAS and INMAS package for paddy in the study area 
included 100-250 kg urea, 34-75 kg TSP (triple super 
phosphate), and 2 litres of insecticide. It was estimated 
that almost all of the farmers in the Mayang area used 
BIMAS and INMAS package for paddy. Some limited use of the 
BIMAS is also made on maize and soybeans.
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2.5 Irrigation system.
The Mayang Irrigation System was constructed by 
government in the early 20s to provide irrigation for the 
export crop, sugarcane. Later, facilities were developed 
for the irrigation of paddy and other crops. The headworks 
supplying the system are situated on the Mayang River, from 
which the main supply canal leads off to two primary canal 
systems, the Mayang primary canal with seven secodary 
canals supplying the Jenggawah sub-section area and the 
Wonojati primary canal with nine secondary canals supplying 
the Ambulu sub-section area. In addition, two small 
headworks, the Euntu and Karanganyar, on streams within the 
area, supply 271 ha and 320 ha respectively. The whole 
system is divided up into tertiary units as shown in 
Table 2.2.
From the period of world war II until the late 1960s, 
like most of the irrigation systems in Indonesia, the 
Mayang canal system deteriorated as a result of the virtual 
disappearance of regular maintenance. Rehabilitation of 
the main system was initiated in 1972 with partial support 
from the World Bank. The rehabilitation programme included 
rehabilitation and improvement weirs, major structures, 
canals, drains, minor structures up to the tertiary 
offtake , and a 50 m stretch of tertiary canal . All the 
works were completed in 7974. After the rehabilitation was 
undertaken, the physical and technical conditions of the 
main system may therefore be assumed to be high.
TABLE 2 . 2 .  COMMAND AREA CF MAYANG IRRIGATION SYSTEM.
Canal Number o f T o t a l
t e r t i a r y a re a
u n i t s (ha)
Jenggawah S u b - s e c t i o n
S a l ., I Mayang 9 648
Sa l  ., I I A jung 7 464
Sa l  ., I I K a l iw in in g 7 5 -0
Sal  .. I I Mayang 10 820
Sa l  ., I I Rawatamtu 4 315
Sa l  .. I I Tepas 6 174
S a l ,. I I P e t u t 18 1, 193
S a l ,. I I Jenggawah 8 479
Sub t o t a l 69 4,639
Ambulu Subi - s e c t i o n
S a l . I W ono ja t i 6 372
Sa l  . I I Mandigo 3 246
Sa l  . I I Cangkr ing 5 266
Sa l  . I I Wonoja t i 5 582
Sa l  . I I J a t i s a r i 3 192
Sa l  . I I Ambbulu 13 943
Sa l  . I I S run i 4 372
S a l . I I Pontang 11 493
S a l . I I Watukebo 2 87
S a l . I I T i r t i s a r i 5 209
Sub t o t a l 57 3 ,762
S a l .  I I  Bunt u 5 27 1
Sal  . I I  Karanganya r 5 32 0
Sub t o t a l 67 4,353
Grand t o t a l 136 8 ,992
Source  : Peka len  Sampean I r r i g a t i o n  P r o j e c t ,  T979*
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2.6 Pilot Tertiary Demonstration Unit (PTP).
The rehabilitation and improvement within the terminal 
system was left to the farmer in the terminal unit. A 
survey that was done in Pekalen Sampean Irrigation Project 
( 1973) indicated that tertiary canals were available in the 
area , even before the general standard of canal maintenance 
began to decline in the immediate post Independence period, 
and after the rehabilitation of the main system, 70 percent 
of farms had a separate intake from tertiary canals 
(SAE 1975).
Although, the farmers in the area have rehabilitated 
the terminal system, the physical condition of the canal 
infrastructures were considered below the desired technical 
standard and lack of water control devices at the outlet
points led to the uncontrolled and inefficient use and
distribution of irrigation water . As part of the
rehabilitation programme, two Pilot Tertiary Demonstration 
Units (PTPs) were established in the area, as prototypes of 
tertiary improvement. The location of PTPs were determined 
by irrigation officers with the assistance of local
agricultural officials using the following considerations:
(a) One of the PTPs should be located near the head and the
other near the tail of the Mayang system.
(b) In the tertiary unit, farmers should be willing to
participate in the rehabilitation and construction of 
the tertiary canals and structures.
(c) Susceptibility of the area to flooding.
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(d) Availability of agricultural supporting services, 
namely extension, BIMAS and INMAS.
The two PTP locations then decided upon were in the 
Jenggawah secondary system (EM 1 and BJ 1) and the Ambulu 
secondary system (BAM 9) which covered an irrigation area 
of about 150 ha and 81 ha respectively. The layout of the 
Pilot Tertiary Demonstration Units are shown in Appendix D. 
The design for canals and structures on the PTPs appear to 
have been for a maximum discharge of 2 litres/sec/ha, to 
ensure 100 percent intensity of rice cropping. The 
following rules applied for the design of the PTP:
(a) The tertiary units were subdivided into three or more 
sub-tertiary units which cover on average of 25-30 ha, 
the sub-tertiary units were subdivided in 4 or more 
quarternary units, each of 5-10 ha.
(b) The quarternary units were designed in pairs of the 
same size, which were irrigated from one quarternary 
box. The quarternary boxes were made of masonry with 
steel sliding gates. When both gates were open a 
continous division of water in equal amounts is 
possible. When only one gate is open, water is 
supplied in rotation.
(c) Water was drawn from quarternary canals through plastic 
or bamboo pipes.
(d) Drainage capacities were designed based on a three-day 
rainfall, exceeded once in five years.
(e) On average there were about 10 kilometers and 10 boxes
of structures per PTP.
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The farmers (who were organized by the village head) 
excavated the canals and drains, filled and compacted the 
canal embankments and constructed the structures according 
to the design laid down by the engineer official. As shown 
in Table 2.3, the cost of PTPs in 197  ^ , was about $US 355 
per ha and borne by the government. Forty percent of the 
cost went in structures, which on an average cost $US 142 
per ha, since few tertiary boxes and no quarternary boxes 
were available in the original layout of the tertiary 
units. The cost of canals was only $US 57 per ha or 
16 percent of the total cost. The cost of drainage was 
$US 85 per ha, the inspection road was $US 53 per ha and 
the preparation and administration of works were 
$US 18 per ha.
TAELE 2.3. COST OF PILOT TERTIARY DEMONSTRATION UNIT 
IN JENGGAV/AH AND AMBULU, MAYANG SECTION ( 197*0 .
(1)
$US/ha (%)
Preparation works 18 5
Structures 142 40
Canals 57 16
Drains 85 24
Inspection roads 53 15
Total 355 100
( 1) $US 1 = Rp 415
Source : Pekalen Sampean Irrigation Project, 1979.
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2.7 Water Management in the Mayang Section.
Water management in the Mayang section, as elsewhere 
in East Java, involves planning decisions (the design of 
cropping systems to use effectively anticipated water 
supplies), and operational decisions (the allocation of 
water among and the within planted area) . These decisions 
utilise the indigenous concept, 'pasten', which reflects 
the relationship between the water supply at an intake gate 
or a turn out and the water needed by various crops at 
different growth stages (Pasandaran T979). ')
The requirements for implementing 'pasten* are:
(a) Historical data on the discharge curve for the water 
entering the system. The discharge curve, expressed in 
litres per second, shows the average rate at which 
water is discharged through the intake gate of an 
irrigation system throughout the previous 10 years. It 
is used to determine how much water is expected to be 
available to the system during an operational year.
(b) The monitoring of actual day-to-day flow discharge into 
the irrigation system. The flow discharge is measured 
once or twice daily averaged, and recorded at 10-day 
intervals.
1)The ’'pasten'' concept is shown in the following 
equation: P = Q/RJR(A); where, P = 'pasten' index; Q
= rate of water flow, in litres per second, taken from 
a discharge curve or from flow discharge data, A = 
irrigated area in hectare, assuming that only secondary 
crops are grown, and RIR = Relative Irrigation 
Requirements of various crops at different growth 
stages .
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(c)  Es t imated  r e l a t i v e  i r r i g a t i o n  requ i rem en ts  (RIR) of  
v a r io u s  crops  a t  d i f f e r e n t  growth s t a g e s .  The RIR i s  
e s t im a te d  in l i t r e s  per second per h e c t a r e ,  based on an 
index value o f  r , which i s  the  requ i rem en t  for  
secondary  c ro p s .  The RIR index fo r  v a r io u s  crops  are 
shown in Table 2.^1.
TABLE 2 . A. THE RELATIVE IRRIGATION REQUIREMENT (RIR) FOR VARIOUS 
CROPS AND STAGES OF PRODUCTION IN MAYANG SECTION.
( 1 )
Crops and crop  p roduc t ion  s t a g e s  RIR index
Secondary crops  :
maize,  soybeans ,  tobacco 1
Paddy :
seedbed 20
land p r e p a r a t i o n  6
growth *1
( 2 )
Unauthorized paddy 1
Sugarcane 1.5
(1) Water requ i rem en ts  in l i t r e s  per second per h e c t a r e  
r e l a t i v e  to  an index value o f  1, the requ i rem en t  fo r  
secondary  crops  .
(2) Paddy t h a t  i s  not inc luded  in the  cropping  system p la n .
Source : Pasandaran , E . ,1979 .  ’Water Management
Decesion-making in Pekalen Sampean I r r i g a t i o n  P r o j e c t ,  
East  Java ,  in D. C. Taylor  and T. H.Wickham ( e d s . ) ,  
1979:50.
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Planning decision on water management
The discharge curve and the estimated relative 
irrigation requirement (RIR) are used to design cropping 
systems and to determine the most rapid and feasible 
schedule of land preparation and planting.
In the wet season during which ’00 percent of the 
irrigated area is under paddy, water supplies are usually 
likely to exceed demand, and the only problem comes at the 
beginning, when the heavy demand for water for land 
preparation makes it necessary to use q staggered system of 
water delivery ('golongan'). This practice is followed to 
achieve equity in water distribution over time since risks 
of water shortage tend to be lower and yields higher on the 
blocks planted earlier (Pasandaran ’979).
In the study area, a "three golongan" system was 
established in 1963 (Appendix E) in which each plot was 
supplied in turn with its full water requirements at 
two-week intervals. Thus farmers whose land falls into 
'golongan' I will have a one-month start over those whose 
land falls into 'golongan' III, and this advantage will 
continue into the dry season and throughout the cropping 
year. Each year the sequence of planting is rotated, so 
that those in 'golongan' I in year 1 will be designated to 
'golongan' III in year 3- The cultivation dates in the wet
season are shown in Table 2.5.
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TABLE 2.5. CULTIVATION DATES IN THE WET SEASON, MAYANG SECTION.
Crop production 
stages
golongan I golongan II golongan III
(a) Start seedbed and 
land preparation 1 November 15 November 30 November
(b) Start transplanting 1 December 15 December 30 December
(c) Start harvesting 1 April 15 April 30 April
Source : Mayang Section, Pekalen Sampean Irrigation Project, 1$79.
In the dry season, the design of cropping system is 
more difficult since water shortages will occur for 100 
percent cropping intensities of paddy. Paddy cultivation 
will be permitted only if water is sufficient to plant the 
entire block with a secondary crop.
Day-to day procedure of water management.
The flow discharge data and KIR index are used with 
the 'pasten' formula to make day-to-day decisions on water 
distribution. The present system of water distribution in 
the study area is continous irrigation, where primary, 
secondary and tertiary canals always contain water during a 
crop season, and the water flow’s continously from the 
canals into the fields. There is no reason to change this 
system when the actual water flow corresponds to or exceeds 
the values of the discharge curve. However, when actual 
flows fall below expected values during periods of water
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shortage, the flow in the tertiary canal and the 
quarternary canal becomes too small for proper 
distribution. Continuous supply is then stopped and 
rotational irrigation ('giliran') procedure becomes 
necessary. The rationale for the procedure is that limited 
water must be concentrated in a few canals for the water to 
flow efficiently. The more severe the water shortage, the 
further down the system (more decentralized) is the level 
at which rotation takes place. The most common forms of 
rotational irrigation are :
(a) Rotation among secondary canals served by a primary 
canal;
(b) Rotation among tertiary canals served by a secondary 
canal;
(c) Rotation among areas within a tertiary system; and
(d) Rotation among farm parcels.
Therefore, the rehabilitation and improvement of the 
tertiary units must be designed in such a way that both 
continous and rotational flow is possible. A study in the 
Philippines indicates that rotational irrigation promotes 
savings in the amount of water required, and thus permits 
more equitable distribution during times of scarcity, and 
sometimes increased yields (Whickham and Valera 1979:72).
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CHAPTER 3
ORGANISATION OF THE DATA AND STATISTICAL PROFILE 
OF THE STUDY AREA.
The c r o s s - s e c t i o n  farm i n p u t - o u t p u t  da ta  on crop  
p roduc t ion  used in t h i s  s tu d y  were ob ta ined  from a 1978-79 
su rvey  under taken  in the  Mayang I r r i g a t i o n  System a r e a .  
The pr imary da ta  were c o l l e c t e d  by q u e s t i o n a i r e  i n t e rv ie w s  
o f  fa rmers  in two s e l e c t e d  t e r t i a r y  u n i t s  in the  a r e a .  The 
Mayang I r r i g a t i o n  System was s e l e c t e d  s o l e l y  because two 
P i l o t  T e r t i a r y  Demons tra t ion Units  (PTP) had been 
in t ro d u ced  in t h i s  a rea  out  o f  n ine in the  Pekalen Sampean 
I r r i g a t i o n  P r o j e c t .
3 .1 .  Methodological  approach .
I t  was r e a l i z e d  t h a t  i r r i g a t i o n  i s  only  one o f  the  
many in p u t s  used in the  a g r i c u l t u r a l  p roduc t ion  p r o c e s s .  
I t  can happen t h a t  t h e r e  a re  s e v e r a l  e n t r y  p o in t s  a t  which 
p o l i c y  could i n f l u e n c e  the  per formance o f  the  farming 
system,  such as c r e d i t ,  i npu t  s u b s i d i e s ,  e x t e n s i o n ,  p r i c e  
s u p p o r t .  T h e r e f o re ,  t h e r e  may be co m p le m e n ta r i t i e s  between 
i r r i g a t i o n  and o th e r  i n p u t s .  This  co m p l ica t io n  can occur 
in two ways; the  improvement o f  i r r i g a t i o n  may b r ing  about  
changes in the  l e v e l  o f  o th e r  i n p u t s  used ,  and the 
improvement o f  i r r i g a t i o n  may be accompanied by o th e r  inpu t
programmes .
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In an attempt to measure the impact of an irrigation 
project, two different approaches are commonly used; the 
response function approach and the comparative approach 
(Paris 1979:19). The response function approach 
hypothesizes a causal relationship between irrigation and 
other inputs affecting an impact indicator, say crop yield. 
Generally, this study is an attempt to quantify the 
biological yield response of crops to irrigation and other 
inputs such as fertilizer, labour, pesticide, etc, 
primarily using multiple regression analysis 
(Yotopoulos *976; Kumar 1977; Easter 1977). The
comparative approach is the straightforward approach of 
comparing impact indicators of an irrigated area with those 
of non-irrigated area. Two alternative analyses can be 
followed, (a) "with and without" project comparisons and, 
(b) "before and after" project comparisons
(Gittinger 1972: 15 ).
The "with and without" comparisons involve comparing 
performance in the "with" project situation with the 
performance in an otherwise similar "without" project 
situation. The major limitation with this analysis is the 
difficulty in being able to find a "without" project 
situation that can be considered similar, in all respects 
except the presence of irrigation, to the "with" project 
situation. The "before and after" comparisons compare the 
situation "after" the project, measured in terms of the 
present actual conditions of the project, with the "before"
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p r o j e c t ,  which i s  r e f l e c t e d  in te rms o f  socio-economic  
benchmark da ta  t h a t  are o f ten  not a v a i l a b l e .  Even the y  had 
been c o l l e c t e d  in the  p r e s e n t  survey ,  the  l i m i t e d  memory 
r e c a l l  for  responden ts  has to be c o n s id e r e d .  T h e r e f o re ,  
t h i s  a n a l y s i s  i s  sometimes i n f e a s i b l e .
3 .2  Sample des ign
The b as ic  approach of  t h i s  s tudy  i s  a com para t ive  
approach ,  comparing the two t e r t i a r y  u n i t s  (one i s  an 
improved t e r t i a r y  u n i t  and the  o th e r  i s  an unimproved 
t e r t i a r y  u n i t )  , a l though  the  response  fu n c t io n  approach 
w i l l  a l so  be d i s c u s s e d  in the  fo l lowing  c h a p t e r .  As 
mentioned above,  the comparison i s  p o s s i b l e  and v a l id  on ly  
i f  the two a rea s  s tu d ie d  are " s i m i l a r "  in most r e s p e c t s ,  
excep t  for  i r r i g a t i o n  f a c i l i t i e s .  T h e re fo re ,  the  f i r s t  
s t e p  in de te rm in ing  the  s e l e c t e d  area  was to  s t r a t i f y  the  
t e r t i a r y  u n i t s  covered by the  Mayang i r r i g a t i o n  system i n t o  
two c a t e g o r i e s ;  improved t e r t i a r y  u n i t s  , and unimproved 
t e r t i a r y  u n i t s .  In the  f i r s t  c a t e g o ry ,  on ly  two P i l o t  
T e r t i a r y  Demonstrat ion  Units  (PTPs) were c ons ide re d  as 
improved t e r t i a r y  u n i t s .  The two PTPs were e s t a b l i s h e d  in 
the  s e l e c t e d  a r e a , one near  the  head and the o th e r  near  the  
t a i l  o f  the  Mayang system,  namely, Jenggawah PTP (EM 1 and 
BJ 1) and Ambulu PTP (EAM 9 m idd le ) .  Ambulu PTP was then 
s e l e c t e d  as the  "with" p r o j e c t  a r e a ,  s ince  the  problems o f  
water  d i s t r i b u t i o n  were expec ted  to be g r e a t e r  in the  t a i l
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area than in the head area, for the following reasons:
(a) Average monthly rainfall in the Jenggawah area is 
generally greater than in the Ambulu area as shown in 
Table 3. 1.
(b) The canals may be silted up so that the actual quantity 
of water that can be accommodated in the channels is 
less than that provided in the original design of the 
system. If this happens, the quantity of water in the 
tail area will be limited. In addition, the system may 
not be operated with full effectiveness because of the 
lack of trained operation and maintenance personnel or 
because the control structures in the canals are in a 
state of disrepair or are not operated properly, and so 
much water may be taken by farmers at the head area, 
that those near the tail receive too little water 
(Taylor 1979:3).
Thus the importance of terminal irrigation facilities 
will also be greater in the tail area than in the head 
area. A further problem was to identify the unimproved 
tertiary unit which could be considered "similar” to the 
Ambulu PTP. The following considerations have been taken 
into account in the selection of the "without" project 
condition :
(a) The physical condition, ie. climate, soil, topography.
(b) The location of the tertiary units.
(c) The cropping system.
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TABLE 3. <• THE AVERAGE MONTHLY RAINFALL IN JENGGAWAH
AND AMEULU TERTIARY UNITS. 1)
Month Jenggawah
(mm)
Arnbulu
January 468 318
February 400 220
March 489 223
April 220 158
May 149 60
June 79 40
J u ly 67 37
August 26 19
September 30 9
October 109 56
November 235 135
December 4 18 24 1
Total 2497 15 16
1) Recorded in r a i n f a l l  s t a t i o n  No 124 (Jenggawah)
and r a i n f a l l  s t a t i o n  No 123 (7mbulu) for  the  per iod  
1926-1967.
Source : Pekalen Sampean I r r i g a t i o n  P r o j e c t ,  1979«
The "BAM 9 l e f t "  t e r t i a r y  u n i t  which re c e iv e d  water  
supp ly  from the  same d i v i s i o n  box (BAM 9 ) ,  then was 
s e l e c t e d  as shown in Appendix C. The c h a r a c t e r i s t i c s  o f  
the  two s e l e c t e d  t e r t i a r y  u n i t s  a re  d e s c r ib e d  in Table 3 .2 .
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TABLE 3.2. THE CHARACTERISTICS OF THE TWO SELECTED
TERTIARY UNITS IN MAYANG SECTION, 1979.
Item Improved 
area 
(PTP)
Unimproved
area
(Non-PTP)
Size of tertiary unit 8 1 ha 75 ha
Tertiary intake 
structure BAM 9 BAM 9
Topography flat plain flat plain
Average temperature T) 25 ’ C 25 ' C
Land classes 2) 1 R 1 R
Average monthly 
rainfall. 1) 10 1 mm 10 1mm
Average flow water 
discharge 79 lt/dt 77 lt/dt
Cropping pattern padd y-padd y- 
sec .crop
padd y-padd y- 
sec .crop
padd y-sec.crop- 
sec .crop
paddy-sec.crop- 
sec .crop
1) Recorded in rainfall station Mo. 123 Ambulu
2) On the basis of soil texture, mineral content 
(FATEMETA IPB 1976) .
Source: Mayang Section, Pekalen Sampean Irrigation Project, 1979.
After selecting the area studied, the next step was to 
select the farmer respondents. The names of the farm 
owners in each selected tertiary unit were recorded based 
on the village record; then twenty-five farm owners were 
randomly selected. They covered about 15 percent of total
farm owners.
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3.3. Data collection.
The data were collected in Pebruary 1980, by the 
survey method through a questionnaire for crop planting in 
the wet season 1978/79 snd dry season 1979. The data and 
the questionnaire are presented in Appendix A and E. The 
questionnaire covered six categories as follows:
(a) Water distribution and irrigation facilities: this
includes information pertaining to the physical 
condition of the terminal irrigation facilities and 
water availability during the crop season.
(b) Farming system: this contains information about size
of farms, and the cropping pattern and cultivation 
methods used in this area.
(c) Farm input - output data, this covers data on 
quantities of fertilizer, labour, pesticides, and draft 
animals used in the production process, and crop yield.
(d) Prices of various farm inputs used and farm output.
(e) Cost of rehabilitation, operation and maintenance of 
terminal irrigation facilities.
(f) Systems of water management at the terminal level.
3.4. Nature of the data.
Whatever may be said of data collected through 
questionnaire interviews, or any other method of farm 
management survey, total accuracy is an impossibility. The 
main difficulty encountered in this survey was that farmers 
do not keep records of their inputs and outputs and when
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confronted with a survey questionnaire they must rely on 
their memory. It is probable that in responding to 
questions on inputs and outputs, the farmers would have 
done their own rounding of figures, even though this 
possibility has been minimized by using cross checking 
questions .
3.5. Farm size in the two selected tertiary units.
The mean farm size in both areas, where farm size is 
interpreted to be a contiguous piece of land under sole 
ownership, is 0.68 ha, of which 0.58 ha is in the PTP area 
and 0.79 ha is in the non-PTP area.
TABLE 3.3. THE PTP AND THE NON-PTP AREA,
SIZE OF FARM FREQUENCY DISTRIBUTION, 1979-
Size of farm 
Categories t of
PTP 
f arm
area
% of area % of
Non-PTP area 
farm % of area
less than 0.25 ha 24 8 16 5
0.26 - 0.50 ha 36 27 32 18
0.51 - 0.75 ha 16 17 12 12
0.76 -1.00 ha 20 34 24 30
more than 1.00 ha 4 14 16 35
Total 100 100 100 100
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Well over 80 percent of the farms studied are smaller 
than 1.0 ha (Table 3*3). The most common farm size group 
for both the two selected areas is 0.26-0.50 ha (about 
one-third of the farms). There are considerably more farms 
in the PTP area that are smaller than this (24 percent in 
the PTP and 16 percent in non-PTP). These farm sizes are 
somewhat larger than those reported for East Java in 1971 
which was 0.47 ha (Booth 1977,Part 11:71).
3.6. Irrigation and water distribution.
The problems of water distribution may not be fully 
solved in the PTP area. However a comparison of thinking 
of the farmers in two selected tertiary units will indicate 
whether water distribution and irrigation facilities have 
improved in the PTP area. Data on irrigation facilities 
and water distribution are illustrated in Tables 3.4 
and 3.5. Table 3•  ^ indicates the opinions of the farmers 
in the PTP and non-PTP areas about irrigation facilities 
and drainage problems. As mentioned in Chapter 1, an ideal 
layout for the terminal system is one where every farm has 
a separate intake from the irrigation channel (tertiary or 
quarternary), and a separate oulet to a drain. Therefore, 
in the PTP area there would be more farms with a direct 
intake from the irrigation channels, and less drainage
problems than in the non-PTP area.
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TABLE 3.4. FARMER'S OPINION ON WATER DISTRIBUTION AND DRAINAGE 
PROBLEMS IN THE PTP AND THE NON-PTP AREAS, 1978-1979.
Farmer's opinion 
1. Water supply
PTP area 
(?)
Non-PTP
(7)
1.1 From tertiary canal
1.2 From Quarternary
28 62
canal 68 24
1.3 From other farm 4 14
Sub total 100 100
2. Drainage problem
2. 1 No problem 92 80
2.2 Inadequate drainage 8 20
Sub total 100 100
Table 3.4 showed that in the PTP area more farms have 
a direct intake from irrigation channels than in the 
non-PTP area (96 percent and 86 percent, respectively)
The Table also indicates the following:
(a) In the PTP area, more quarternary canals were 
established during the rehabilitation of the irrigation 
system. The quarternary canals and structures are 
important for facilitating the rotation of water 
distribution among quarternary units, especially during 
the period of water shortage.
(b) The rehabilitation of the terminal system could not
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completely avoid field-to-field water distribution, it 
might be because the average size of farm is very 
small.
(c) In the non-PTP area, the terminal irrigation facilities 
are considered sufficient, since 86 percent of the 
farms has a direct intake from irrigation channels.
This clearly conflicts with the theory that farmers are 
incapable or unwilling to execute the rehabilitation of the 
system (Directorate General of Water Resources 
Development 1978:11; IBRD 1976:3). , The table also 
illustrates the difference in drainage problems between the 
two tertiary units. Rehabilitation of the terminal system 
has reduced the drainage problems in the PTP area , since 
as many as 92 percent of the farmers in the PTP area had no 
drainage problems compared to 80 percent of the farmers in 
the non-PTP area.
Another indicator of the performance of terminal 
irrigation rehabilitation would be the availability of 
irrigation water at the farm level. Table 3.5 gives the 
farmer's opinion on the sufficiency of the water supply for 
various crops during the wet season and the dry season 
1978-79. The problem of water shortage is an issue in the 
dry season only, since during the wet season the supply of 
water is likely to exceed the water requirement for paddy. 
In the dry season, however, supplies of water fall short of 
paddy requirements, though farmers indicate that the water
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supply is still sufficient for secondary crops. Since the 
water supply from the tertiary intakes to both FTP and 
non-PTP areas can be considered similar, the rehabilitation 
of the terminal system could achieve a considerable amount 
of water saving. Therefore, 20 percent of farmers in the 
PTP area indicated that the water supply was sufficient for 
paddy cultivation, compared to only g percent in the 
non-PTP area .
TABLE 3.5. FARMER’S OPINION ON WATER SUPPLY IN 
THE SELECTED TERTIARY UNITS, <975-1979.
Farmer's opinion wet season 1978-79 
PTP area Non-PTP 
area
dry season 1979 
PTP area Non-PTP 
area
( % ) ( % ) ( % ) ( % )
Excess water for 
paddy 1)
Sufficient water 
for paddy
Sufficient water
for secondary 
crops
Insufficient water 
for secondary 
crops
4 12
96 88 20
80
8
92
1) It is related to the problem of drainage facilities 
during the wet season.
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The comparison should not be taken to mean that all 
the water problems have been solved in the PTP area. 
However, it may be stressed that irrigation and drainage 
facilities and water distribution have improved to a 
considerable extent in the PTP area.
3.7 Cropping pattern and cropping intensity.
Data on cropping intensity between the two selected 
areas are presented in Table 3.6, where cropping intensity 
is defined as the ratio of the total cropped area during a 
year in a tertiary unit to the cropped area during the wet 
season only. This table indicates that there is no 
difference in cropping intensity between the two selected 
areas. The average cropping intensity in both tertiary 
units is 3.0. This happens because almost all farmers grow 
the same crops, even the same varieties , and the water 
supply is sufficient at least for the water requirement of 
secondary crops. The high cropping intensity reflects the 
remarkably intensive land use compared to an average 
cropping intensity in East Java for 1963 of '.5 crops per 
year (Eooth 1977» Part 11:65).
As illustrated in Table 3.6, the cropping pattern in 
the two tertiary units is paddy combined with secondary 
crops. Since only paddy is grown in the wet season, in 
analysing the cropping pattern, attention was primarily 
given to cropping patterns during the dry season.
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TAELE 3 . 6 .  CROPPING PATTERN AND CROPPING INTENSITY 
IN THE TWO SELECTED TERTIARY UNITS, 1978-1979.
I tem PTP a re a  
ha ( t )
Wet season
( N o v e m b e r -A p r i l )
Padd y 81 100
Non-PTP a r e a  
ha ( % )
75 100
Dry se ason
F i r s t  c rop
( A p r i l - A u g u s t )
Paddy 18 20 6 8
Soybeans 63 78 69 92
Second c ro p
( Augus t-N ov)
Tobacco 81 100 75 100
Command a re a
H a r v e r s t e d  
a r e a
Cropping
i n t e n s i t y
81
2*13
300
75
225
300
S o u r c e :  Mayang S e c t i o n ,  Peka len Sampean I r r i g a t i o n  P r o j e c t .
I t  a p p e a r s  t h a t  paddy was p l a n t e d  more w i d e ly  in  t h e  PTP 
a r e a  than  in  t h e  non-PTP a r e a  (20 p e r c e n t  and 8 p e r c e n t  
r e s p e c t i v e l y ) .  The d i f f e r e n c e  was m a i n ly  b e c au s e  o f  t h e  
d i f f e r e n t  a v a i l a b i l i t i e s  o f  wa te r  s u p p ly  in  t h e  d ry  s e a s o n .  
The f a r m e r s  i n d i c a t e d  t h a t  i f  t h e  w a te r  s u p p ly  was 
s u f f i c i e n t  f o r  paddy,  t h e y  p r e f e r r e d  t o  grow paddy r a t h e r  
than  s e c o n d a r y  c r o p s .  Th is  f i n d i n g  i s  c o n s i s t e n t  w i th  t h e
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Harza and A.H.T. r e p o r t ’ s ( 1975 : Appendix I I — 1) a s s e r t i o n  
t h a t  average cropp ing i n t e n s i t y  of  dry  season paddy in the  
area  was about  30 p e r c e n t  be fo re  the s t a n d a r d s  o f  cana l  
per formance began to d e c l i n e  in the  19^0s.
3 .8 .  Comparison o f  farm in p u t  and o u tp u t  l e v e l s .
3 . 8 . 1 .  S p e c i f i c a t i o n  o f  farm in p u t s  and o u t p u t s .
The farm inpu t  and ou tp u t  da ta  a re  a l l  on a per 
h e c t a r e  b a s i s .  The fo l low ing  d e f i n i t i o n s  have been used :
(a)  Outpu t .
The ou tpu t  o f  crops  p la n te d  in the  area  was measured 
in k i log ram s  per h e c t a r e .  The y i e ld  inc luded  crops 
consumed, marketed or added to  in v e n to r y .  There was 
f r e q u e n t l y  some, d i f f e r e n c e  in crop q u a l i t y  from one farm to  
a n o t h e r ,  e s p e c i a l l y  fo r  to b a cco ,  but  s in c e  everyone used 
the  same v a r i e t y  o f  s eed ,  the  d i f f e r e n c e  tended to  be o f  
l i t t l e  im por tance .  T h e r e f o re ,  the  o u tp u t  o f  each crop  was 
t r e a t e d  as a homogeneous v a r i a b l e .
(b) F e r t i l i z e r .
In t h i s  s tudy ,  because  o f  v a r i a t i o n s  in the  q u a l i t y  
and composi t ion o f  the  f e r t i l i z e r  used fo r  d i f f e r e n t  crops 
and on d i f f e r e n t  fa rms,  i t  was not  p o s s i b l e  to  co n s id e r  the  
in p u t  in one p h y s i c a l  u n i t .  The e s t im a ted  amount o f
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fertilizer applied was therefore measured in terms of the
ex penditure per cropping season. This was the only
practicable approach and it has to be assumed that the
prices of the various types of fertilizer reflect their 
marginal value product.
1)
(c) Pesticides.
Similarly, various types of pesticides were used with 
various levels of active ingredients. Some were in liquid 
form while others were granular. For this input, the 
expenditure on pesticide for the crop season was taken as a 
proxy for quantity used.
(d) Human labour .
Human labour was measured in terms of man-days per 
hectare of crop cultivation. In the case of human labor, 
two types were distinguished, family labour and hired
labour . Onl y the pre-harvest labour input, which was
measured from the preparation of the seedbed through
sowing, the preparation of land, transplanting ,
fertilizing, pest control, weeding, water control and field 
maintenance, was taken into account. This input was the 
sum of all family and hired labour inputs per crop planted 
up to the time of harvesting.
1) The term "pesticides" is used in this study in a 
generic sense to include insecticides, fungicides, and 
other disease-controllling chemicals as well as 
chemicals for the control of rodents and other pests.
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Even though males and females of various age groups 
work together, no differentiation was made between sexes. 
However, age differences were taken into account by 
standardizing labour days into adult labour man-days. A 
man or woman of age 15 years or above working a 8 hour day 
on the farm completes one man-day, whereas a person under 
the age of 15 years working 8 hours completes only 0.5 
man-days work. This assumes that besides family and hired 
labour, male and female labour are relatively homogenous, 
and are aggregated into the labour input component. In 
addition, only preharvest labour inputs are used.
(e) Draft animals.
Draft animals were measured in terms of an animal 
work-day consisting of a pair of animal labour-days and one 
human labour-day working in the farm per crop cultivation.
3.8.2. Analytical approach to statistical tests.
To examine whether the average farm inputs and output 
are different within the two selected tertiary units, 
differences between the sample means of the farm 
input-output data are tested. The comparison of the two 
group means is thus a problem of the comparison of two 
sample means, which implies inferring the difference 
between the means of the parent populations. Since samples 
are independently drawn and it is not known whether the two
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populations have the same variance, an F-test of the sample 
variance is conducted prior to a t-test for mean difference 
(Koutsoyiannis 1977:561; Nie et al 1975:270).
F-test.
The procedure for using the F-test concerning the 
value of population variance involves the following steps.
(a) The null hypothesis Ho : @ 1 = S2 with alternative Hi :
6 ] i $2, and a significance level is chosen.
*
(b) From sample variance, F is computed.
*
F =
2
larger s
2
smaller s
*
(c) If F is greater than F tabulated at a certain 
significance level, Ho is accepted. Otherwise we
reject the null hypothesis.
If the two populations with the mean u 1 and u2, 
respectively, have the same variance all unknown, the
problem is to use the t-test of significance to determine 
if u 1 = u2, following the steps outlined below:
(a) The null hypothesis Ho : u 1 = u2 and alternative
hypothesis Hi : u 1 i u2 are formulated.
(b) The significance level is chosen.
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(c) The two populations are sampled, means xl and x2 and 
variance si and s2 are computed based on samples of 
size n 1 and n2, respectively.
#
t corresponding to the difference sample means is
* (x1-x2)-(u 1-u2)
t = ----------------
s V 1/n 1 - 1/n2
V/here ;
/ 2 2 
/ n 1 s 1 + n2 s2
s = V ---------------
n ’ + n2 - 2
and under the null hypothesis Ho: u 1 = u2, reduced to
* x 1 - x2
t = -------------
s V 1/n 1 - 1/n2
*
(d) The probability associated with t is computed. The 
probability is for the occurence of a value equal to or 
larger than t (sign ignored). This is the two-tailed 
probability and it is appropriate to the set of 
hypotheses chosen since they do not assume that t* will 
be either positive or negative.
(e) Ho is rejected if the two-tailed probability for Ho is 
less than the significance level which was chosen in
step (b ) .
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I f  the two p o p u l a t i o n s  wi th the  mean u 1 and u2, 
r e s p e c t i v e l y ,  have unequal  v a r i a n c e s ,  t* cannot  be computed 
for  the  d i f f e r e n c e  in sample means.  I n s t e a d ,  an 
approximat ion to  t* may be computed.
* ( x 1-x2) - (u  1-u2)
t  = ---------------------------
/  2 2 
V s Wn I + s2/n2
This  s t a t i s t i c  i s  not  d i s t r i b u t e d  as the  S t u d e n t ' s  
t - d i s t r i b u t i o n . However,  the  p r o b a b i l i t y  fo r  t* can be 
approximated by t r e a t i n g  i t  as t ,  but  wi th degrees  of  
freedom ,
2 2 2
[ ( s l / n l )  + ( s 2 / n 2 ) ]
d f  = ----------------------------------
2 2 2 2
( s 1/n I) ( s 2 / n 2 )
--------------+ ----------------
( n 1- 1) ( n 2 - 1)
This number i s  u s u a l l y  not  an i n t e g e r ,  but  a 
r e a s on a b l y  a c c u r a t e  p r o b a b i l i t y  i s  ob t a i ned  by rounding to  
the  n e a r e s t  i n t e g e r  .
3 . 8 . 2  R e s u l t s .
As mentioned in Sec t ion  3 . ' .  the  improvement o f  
i r r i g a t i o n  may b r ing  about  a change in the  l e v e l  o f  farm 
in p u t s  used and w i l l  i n f l u e n c e  the  change o f  c rop
produc t i on  l e v e l s .  This  s e c t i on  w i l l  d i s c u s s  compara t i ve
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farm input and output data for three crops which are grown 
in both PTP and non-PTP areas and are tested statistically 
for their significance with the help of the "t" test 
following the procedures as discussed in Section 3-P.2 
above. The results are presented in Table 3-7.
The use of fertilizer is generally higher in the PTP 
area than in the non-PTP area. The difference is 
statistically significant for paddy and soybeans. For 
tobacco, however, it is not statistically different at the 
10 percent level. Even so, the result indicates the 
possibility that farmers with better water distribution 
will find a higher rate of fertilization profitable and not 
involving an intolerable financial risk.
The use of pesticides is generally higher in the PTP 
area than in the non-PTP area, although, the difference is 
only significant for paddy. This finding indicates that 
having made sizeable investments in fertilizer inputs, the 
farmers did not hesitate to spend on pesticide, which is 
part of the improved technology that they are beginning to 
adopt to increase their yield .
The use of human labour is observed to be 
significantly higher in the PTP area than in the non-PTP 
area for soybeans. Since human labour is the most 
important input for soybeans in the area, the higher labour 
use indicates more intensive crop cultivation. T)
DFertilizer use is very limited for soybean crops, and 
virtually no land preparation is undertaken; therefore 
no draft animal are used.
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TABLE 3 . 7 .  COMPARISON OF MEAN LEVEL OF FARM INPUTS AND OUTPUT 
PER HECTARE FOR PADDY, SOYBEANS AND TOBACCO 
IN THE PTP AND NON-PTP AREAS, 1978-1979.
Crops F e r t i l i z e r
1)
(Rp)
P e s t i c i d e
1)
(Rp)
Human 
l a b o u r  
( days)
D r a f t  
an imal  
( days)
Yie ld
(kg)
Padd y
PTP 27,627 3, 199 10 1 19 . 5 ,8 65
Non-PTP 22,  175 1,98 1 104 17 5,215
D i f f e r e n c e 5,452*** 1,218** n 2 650*
t *  va lue  
Soybeans
( 2 . 8 6 ) ( 2 . 0 1 ) ( - 0 . 4 2 ) ( 0 . 6 9 )  ( 1 . 6 7 )
PTP 1,867 3,709 51 - 936
Non-PTP - 2 ,898 38 - 770
D i f f e r e n c e 1,867** 811 13** - 166*
t *  v a lue (2 .  15) ( 1. 00 ) ( 2 . 0 6 ) - ( 1 . 7 3 )
Tobacco
PTP 36,939 2,  177 126 16 1,864
Non-PTP 34,344 1,277 150 20 1,424
Dif  f  e r e n c e 2,344 900 -24 -4 440***
t *  v a lu e ( 0 . 5 3 ) ( 0 . 9 5 ) ( - 1 . 3 3 ) ( - 1 . 34) ( 3 . 0 8 )
1) Rp 6 1 5 . -  i s  e q u i v a l e n t  t o  US $ 1 . -
* s i g n i f i c a n t  a t  10 p e r c e n t  l e v e l  
** s i g n i f i c a n t  a t  5 p e r c e n t  l e v e l  
*** s i g n i f i c a n t  a t  1 p e r c e n t  l e v e l
To a n a l y s e  t h e  d i f f e r e n c e  in  l a b o u r  r e q u i r e m e n t s ,  
added d e t a i l  on c o m p a r a t i v e  l a b o u r  r e q u i r e m e n t s  f o r  each 
f i e l d  o p e r a t i o n  and each c r o p  i s  computed and p r e s e n t e d  in
T a b le s  3 . 8 ,  3*9 and 3 . 1 0 .
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TAELE 3.8. COMPARISON OF AVERAGE LABOUR REQUIREMENT PER HECTARE 
FOR PADDY IN THE PTP AND THE NON-PTP AREAS IN 1978-79.
Field operation
Nursery bed 
Land preparation 
Transplanting 
V/eeding 
Fertilizing 
Plant protection 
Water control
Total labour
* significant at 
** significant at 
*** significant at
PTP Non-PTP
(days) (days)
11.3 9.6
12.9 16.6
25.2 23.8
32.4 38.6
5.7 *1.6
3.8 2.3
8.7 9.0
10 1 .4 104.5
10 percent level
5 percent level
1 percent level
Difference t*value 
(days)
1.7 1.32
-3-7* -1.99
1.4 0.60
- 6 . 2 * -1.79
1. 1 0.93
1.5* 1.95
-0.3 -0.29
-3. 1 CMo1
TAELE 3.9. COMPARISON OF THE AVERAGE LABOUR REQUIREMENT PER HECTARE
SOYBEANS IN THE PTP AND THE 1MC N-PTP AREAS, ’978- 1979.
Field operation PTP Non-PTP Difference t* value
(days) (days) (days)
Land preparation 2.8 0.3 2.5** 2.79
Seeding 14.9 14.0 0.9 0.36
Weeding 18.2 10.9 7.3*** 3.26
Fertilizing 1.2 - 1.2** 2.57
Plant protection 5.3 4.2 1. 1 0.97
Water control 8.3 8.6 -0.3 -0. 15
Total labour 51.3 38. 1 13.2 ** 2.06
* significant at -0 percent level
** significant at 5 percent level
*** significant at 1 percent level
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TAELE 3. '0. COMPARISON OF AVERAGE LABOUR REQUIREMENT PER HECTARE
FOR TCEACCO IN THE PTP AND THE NON-PTP AREAS, '978-1979.
Field operation PTP area Non-PTP Dif f erence T* value
(days)
area 
(days) (days)
Nursery bed 9.5 15. 1 -5.6 -1.53
Land preparation 15.7 23.7 -8.0** -2.05
Transplanting 30.7 28.4 2.3 0.63
Weeding 4 1.6 47.8 -6.2 -0.93
Fertilizing 12.3 11.9 1.4 0. 16
Plant protection 2.4 2.4 0.0 0.00
Water control 12.4 20.4 8.0** -2.35
Total labour 125.8 149.7 23.9 -1.33
* significant 
** significant 
*** significant
at 10 percent level 
at 5 percent level 
at 1 percent level
The use of human labour for paddy and tobacco cultivation
is generally higher in the non-PTP area than in the PTP
area. Table 3•9 suggests the possibility that, in the
non-PTP area , more effort is required in land preparation
(of paddy and tobacco) because presaturation is only
partially completed, and more labour is required for 
weeding to counteract the weed growth that would be 
controlled "naturally" through deeper flooding depths if 
irrigation water were more abundant. More effort is also 
needed for on-farm water distribution (of tobacco) to 
enable the small quantities of water in dry season, to be 
spread across the entire area intended for irrigation.
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The use of human labour is generally higher in the PTP area 
for soybean cultivation in most of stages of field 
operations. As mentioned before, since human labour is the 
most important input for soybeans in the area, the higher 
labour use indicates more intensive crop cultivation.
The use of draft animals is only for land preparation; 
therefore, it is only used for paddy and tobacco
cultivation. The use of draft animals was not found to be 
statistically significantly different between the two 
selected areas .
So far as the output is concerned , there is a big 
difference in the per hectare output between the two areas. 
Farmers in the PTP area are getting 650, 170 and 4*10
additional kilograms of paddy, soybeans and tobacco
respectively, compared to the farmers in the non-PTP areas. 
This may be the result of better water management leading
to the higher use of inputs like fertilizer and pesticides
for paddy and tobacco, and human labour for soybeans.
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CM A PTE R *1
PRODUCTION FUNCTION ANALYSIS
As mentioned in Chapter  3, the  r e h a b i l i t a t i o n  o f  
t e rm in a l  i r r i g a t i o n  f a c i l i t i e s  i n d i c a t e d  an i n c r e a s e  in 
p roduc t ion  and inpu t  u se .  But how much o f  t h i s  i n c r e a s e  
could be a t t r i b u t e d  d i r e c t l y  to  the  t e rm in a l  i r r i g a t i o n  
f a c i l i t i e s ?  Should the  i n c r e a s e  be n e u t r a l  (upward s h i f t  
in i n t e r c e p t )  or  should inpu t  p r o d u c t i v i t i e s  be changed ? 
To he lp  answer the se  q u e s t i o n s ,  a p roduc t ion  fu n c t io n  model 
was c o n s t r u c t e d  wi th y i e ld  per h e c t a r e  as the  dependent  
v a r i a b l e . The independent  v a r i a b l e s  a re  the  per  h e c t a r e  
e x p e n d i tu r e s  on f e r t i l i z e r  and p e s t i c i d e s ,  and man-days o f  
l abour  ( inc luded  d r a f t  a n i m a l ) .  A dummy v a r i a b l e  was 
in t ro d u ced  fo r  improved i r r i g a t i o n ,  and i n d i c a t e s  the  
e f f e c t  o f  i r r i g a t i o n  on the  l e v e l  o f  p r o d u c t i o n .  
Cobb-Douglas p roduc t ion  fu n c t i o n s  were e s t im a ted  fo r  each 
c ro p .  The model and v a r i a b l e s  used in the r e g r e s s i o n  
a n a l y s i s  a re  d i s c u s s e d  below.
M. ’ Cobb-Douglas p ro d u c t io n  fu n c t io n
The p roduc t ion  fu n c t i o n  d e s c r ib e s  the  t r a n s f o r m a t i o n  
o f  a s e t  o f  i n p u t s  i n t o  o u t p u t .  More s p e c i f i c a l l y ,  and for  
each combination  o f  i n p u t s  and o u t p u t ,  i t  r e p r e s e n t s  the  
minimum q u a n t i t y  of  i n p u t s  t h a t  y i e l d s  a given q u a n t i t y  o f  
o u tp u t  (Yotopoulos and Nugent 1976:^18).
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In 1928, Charles W. Cobb and Paul H. Douglas 
published their attempt at fitting a production function of 
the type ,
k 1-k
P = b L C (4.1)
to data obtained for American manufacturing industries for 
the period 1899 to 1922, the variables being : an index of
physical production for manufacturing (P), an index of the 
number of workers employed (L), and an index of fixed 
capital in manufacturing, deflated to dollars of
approximately constant purchasing power (C) (Cobb and 
Douglas 1928).
In later publications Paul H. Douglas and his
collaborators applied the same type of analysis to time 
series studies for various industries as well as to 
cross-sectional studies between industries. This whole 
series of studies is summarized in Douglas's presidential 
address to the American Economic Association in December 
1947 (Douglas 1948).
Among the desirable features of the model, as listed 
by Klein ( 1962:91-93), are:
(a) The coefficients of the function are the elasticities 
of the chosen variables. These elasticities indicate 
the percentage increases in output resulting from a 1 
percent increase in input of a particular variable.
(b) The sum of the coefficients indicates the degree of the
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returns to scale in production. Depending on whether 
the sum of coefficients is less than unity, equal to 
unity, or greater than unity, there are decreasing, 
constant, or increasing returns to scale.
(c) It is more economical in the use of degrees of freedom 
than a quadratic function, for instance.
In 194*1, the first two studies of production functions 
based upon farm accounts were published (Tintner 19*14; 
Tintner and Erownlee 194*1) and in 1946, Heady published the 
first in this field, based upon a survey of a random sample 
of farms (Heady 1946). Since then, numerous studies in 
this field have been carried out by agricultural economists 
all over the world, (e.g. Parish and Dillon 1955; Heady
1956; Johnson 1956; Hardin 1956; Rasmussen 1962; Klein
1962; Massel and Johnson 1968; Golberger 1968;
Yotopoulos and Nugent 1976; Kumar 1977; Easter 1977;
Taylor 1979).
Farm production function studies have differed from 
the Douglas school's studies of industries in some 
important ways:
(a) The interest is concentrated upon cross-sectional 
studies of a sample of farm accounts for a given 
accounting year. No doubt it is more attractive in 
production economics to deal with the data from farms 
than with those from industries (Marschak and Andrews 
1944 ) .
(b) Farm production function studies do not normally
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"explain" a "net product" as a function of "labour" and 
"capital", but in most studies a "gross product" is 
"explained" by three or more "independent" variables.
This model takes the general form.
n bi
Yj = a E Xij (4.2)
j=1
Where :
Yj = output of farm j (j = 1,2,....... n)
Xij = amount of input i used by farm j.
(i = 1,2........... m)
a = constant term
bi = the coefficient of production input i
E = represents summation.
Although the function is non-linear , a logarithmic 
transformation will make this model linear by taking 
(natural) logarithms of both sides of the equation (Klein 
1962:92; Wonnacott and Wonnacott 1970:93).
n
In Yj = In a + E bi In Xij (4.3)
j=1
Equation (4.3) expresses the exact linear relationship 
between the dependent variable Yj and the independent
variable XI, X2, , Xm.
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In order  to e s t i ma t e  equa t i on  ( 4 . 2 )  from the sample,  
the  e r r o r  term i s  u s u a l l y  i n t roduced  as :
n bi
Yj = a E Xij e j  ( 4 . 4 )
j=1
which can be w r i t t e n  in "In"  l i n e a r  form as
n
In Yj = In a + E bi  In Xij  + In e j  ( 4 . 5 )
j=1
When us ing the Ordinary  Least  Square method (OLS), the 
sample e s t i ma t e s  of  equa t ion  ( 4 . 5 )  would be in the  form :
n
In Yj =ln a + E bi  In Xij  + In uj  ( 4 . 6 )
j=1
where bi  ( i  = 1 , 2 , . . . . , m )  are  the  OLS e s t i m a t e s  o f  the 
" b i " s  which w i l l  be t he  bes t  l i n e a r  unbiased e s t i m a t e s  
(ELUE) provided i t s  c o n d i t i o n s  are  s a t i s f i e d .
The Cobb-Douglas f u n c t i on  has b a s i c  p r o p e r t i e s .  Some 
o f  i t s  p r o p e r t i e s  t h a t  are  d i r e c t l y  r e l e v a n t  to  the  p r es e n t  
s t udy  are  d i s cus sed  below:
(a) The marginal  produc t  of  a f a c t o r  i s  ob t a i ned  by t a k i n g  
the  p a r t i a l  d e r i v a t i v e  o f  the  func t i on  wi th r e s p e c t  to 
t he  f a c t o r .  The margina l  produc t  of  a f a c t o r  i s  the  
r e t u r n  which might be e xpec t ed ,  on the  ave rage ,  from a 
u n i t  a d d i t i o n  of  the  f a c t o r - i n p u t  concerned whi le o t he r  
i np u t s  are  held c o n s t a n t  (Hanumantha Rao 1965).  
Neglec t ing  the s u b s c r i p t  " j " , i t  i s  expressed  as :
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dY b 1 b2 bi-1
bi a XI X2 , Xi ......  Xm
bm
MPXi =
dXi
Y
bi (4.7)
Xi
Assuming that bi is a positive constant smaller than 
one, that is, C<bi<1, the marginal product of factor 
"i" is positive. Furthermore, since Y/Xi obviously 
declines as Xi increase, the marginal product of any 
factor generally declines as the level of the input of 
the factor increases. These properties make 
conveniently good sense and are considered desirable 
properties for any production function (Yotopoulos and 
Nugent 1976:48).
(b) The elasticity of production is constant over all 
ranges of input, while the marginal product ratio 
changes (Heady 1956:9). Constant elasticity is 
attained if each percentage increase in input adds the 
same percentage increase in output. The constant 
elasticity of production is due to the fact that the 
coefficients of the function are, as mentioned above, 
the elasticity of production. The output elasticity of 
the i th factor Xi is of the form:
dY Xi
E Xi = ---------
dXi Y
Y Xi
= ( b i -- ) ----
Xi Y
= bi (4.8)
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n
(c) The sum of elasticities of ouput ( E bi) measures the
j= 1
returns to scale and the degree of homogeneity 
(Heady 1956:9; Klein 1962:93; Yotopoulos and Nugent 
1976:48-49). The returns to scale are increasing, 
constant or decreasing depending upon the sum of "bi" 
being greater than, equal to, or less than unity, 
respectively. Constant return to scale means that if 
all factors of production are increased simultaneously 
by 1 percent, gross output will increase by 1 percent. 
If the relationship is such that a 1 percent increase 
in all factors results in a more than (or less than) 1 
percent increase in gross output, then increasing (or 
decreasing) returns to scale prevail.
While several economists have provided good 
discussions of the function, it is also not free from 
criticism. Yotopoulos and Nugent (1976), for one, have 
discussed the function’s unrealistic properties such as 
unitary elasticity of substitution among factors or the 
strictly linear expansion path of the model. Likewise, Sau 
(1971), Anderson and Jodha (1973). and Rudra (1973) have 
warned against the careless and uncritical use of the 
Cobb-Douglas function and its interpretation, particularly
in the study of allocative efficiency.
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4 . 2  S p e c i f i c a t i o n  o f  v a r i a b l e s .
As mentioned above,  the  produc t i on  o f  each crop i s  
t r e a t e d  as a s e p a r a t e  a c t i v i t y ,  and the ou t pu t  o f  each crop 
i s  expressed  as a f unc t i on  of  a s e t  o f  f a c t o r  i n p u t s .  The 
l e v e l s  o f  c e r t a i n  i n p u t s  were not  recorded in the  su r v e y s ,  
such as management and expe r i ence  of  the f a rmer s ,  and are  
a c c o r d i n g l y  not  inc luded  in the  p r oduc t i on  f u n c t i o n s .  The 
f a c t o r s  t h a t  have been observed and t h a t  are  hypothes i zed  
to  be arguments  in t he  p r oduc t i on  f unc t i on  a r e :  
f e r t i l i z e r ,  p e s t i c i d e s  and labour  ( i nc l uded  d r a f t  a n i ma l ) .  
Chapter  3 d e s c r i b e s  each of  t h e se  v a r i a b l e s .  How they  
e n t e r  the  p roduc t i on  p roces s  and s ev e r a l  problems o f  
d e f i n i t i o n  w i l l  be d i s cu s s e d  in t h i s  s e c t i o n .
( a) F e r t i l i z e r  .
Some au t ho r s  have t r i e d  to e s t i ma t e  the  p r o d u c t i v i t y  
o f  t h i s  i npu t  by keeping i t  as a s e p a r a t e  e x p l an a t o r y  
v a r i a b l e  in the p r oduc t i on  e q u a t i on .  Massel  and Johnson 
(1968:35)  used f e r t i l i z e r  as a s e p a r a t e  e x p l a n a t o r y  
v a r i a b l e  in p hys i ca l  u n i t s ,  whi le Hoch (1955:35)  and Sa in i  
(1969:A-120)  used f e r t i l i z e r  as a s ep a r a t e  e x p l a n a t o r y  
v a r i a b l e  in value t e rms .
In t h i s  s tudy ,  the  f e r t i l i z e r  v a r i a b l e  i s  on ly  used 
for  paddy and tobacco c u l t i v a t i o n .  F e r t i l i z e r  i s  not  
en t e r e d  in the soybeans p roduc t i on  f u n c t i o n ,  s i nce  only  a 
few farmers  used t h i s  i n p u t .  Because of  the v a r i a t i o n  in 
the  q u a l i t y  and compos i t ion o f  f e r t i l i z e r s  used for  
d i f f e r e n t  crops  and on d i f f e r e n t  farms,  i t  was not  p o s s i b l e
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to co n s id e r  t h i s  inpu t  in any one p h y s ic a l  u n i t .  This 
v a r i a b l e  was, t h e r e f o r e ,  de f ined  as the  t o t a l  value o f  
f e r t i l i z e r s  in monetary te rm s .  The value o f  f e r t i l i z e r  was 
computed a t  the  p r e v a i l i n g  p r i c e s  and c a l c u l a t e d  as the  
amount paid by the  f a rm e rs .
(b) P e s t i c i d e s .
In most o f  the p roduc t ion  fu n c t io n  s t u d i e s ,  t h i s  inpu t  
has been inc luded  along with cash expenses under the  item 
o f  o p e r a t i n g  c a p i t a l .  However, very  few workers have used 
t h i s  inpu t  as an e x p l a n a to r y  v a r i a b l e  in monetary u n i t s  to 
e s t i m a t e  i t s  p r o d u c t i v i t y .  In the  p r e s e n t  s tudy ,  t h i s  
in p u t  was expressed  in monetary te rms and used as an 
e x p l a n a to r y  v a r i a b l e .
(c)  Labour .
The in p u t  o f  human labour  has been used as an 
e x p l a n a to r y  v a r i a b l e  in the  e s t i m a t io n  o f  the  p roduc t ion  
f u n c t io n  e i t h e r  in p h y s ic a l  u n i t s  (o f  t ime) or  in value 
te rm s .  Rasmussen (1962:59)  used human labour  in value 
te rm.  Hanumantha Rao (1965:5 )  and Sa in i  ( 1969:A—120) have 
both used human labour  in te rms o f  man-days,  while Hopper 
(1965) used human labour  compri s ing  a l l  labour  excep t  those  
a s s o c i a t e d  with  the  plough u n i t s .  When a d r a f t  animal i s  
used as a s i n g l e  v a r i a b l e  expressed  in p h y s ic a l  or monetary 
te rm s ,  i t  u s u a l l y  shows high m u l t i c o l l i n e a r i t y  with human 
labour  in the  p roduc t ion  fu n c t io n  e q u a t i o n .  T h e re fo re ,  
s e v e r a l  a u th o r s  have a t tempted  to measure the  p r o d u c t i v i t y
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of both draft animals and human labour (combined) as a
single variable expressed in monetary terms.
In the present study, total labour is used as an
explanatory variable including human labour and draft
animal labour , except those associated with the harvesting
operation. Since the average draft animal cost per day is
four times the average,wage rate of human labour, it was
decided to use the proportion as an index value between
human labour and draft animal labour. (1)
In the Cobb-Douglas production function, no output is
obtainable if any input takes on a zero value. This
assumption is plausible with respect to labour, but is
implausible with respect to fertilizer and pesticides. V/e
know that some output can be obtained without the use of
either of these inputs. To obviate this problem Massel and
Johnson (1968:35) add a constant to the amount of
fertilizer and pesticides used, while Heady and Dillon
(1961:229-230) suggested converting the zero value of the
variable into a small number. Following the Heady and
Dillon suggestion, in this study all zero amounts of
fertilizer and pesticides used have been converted to 1
before they are used in the production analysis.
(1) Several limitations involved in the aggregation of 
total labour should be noted:
(a) According to Booth and Sundrum ( 1980: (2)-3), labour 
cannot be regarded as a homogeneous input. Amongst 
other thing, because in LDCs, certain agricultural 
operations are quite stricly caste- or sex-typed.
(b) The aggregation of variables in the production 
function may have imposed potential bias on the 
estimates of the function coefficients (Plaxico 
1955 ).
Therefore, the use of total labour is only valid in the 
condition that there is a little variation in the 
labour quality or performance. If the sample of farms 
could be increased , it might best be measured in a 
separate category such as the separate stages of field 
operation or the family and hired labour component, 
which would make it a more reliable measurement.
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As d i s cus sed  in s e c t i o n  4 . 1 ,  the  Cobb-Douglas 
p roduc t i on  f unc t i on  i s  used in t h i s  s tudy ,  because  o f  the 
r e l a t i v e  ease  in computat ion o f  the  f a c t o r  e l a s t i c i t i e s  and 
margina l  v a l u e - p r o d u c t s ,  and i t s  ba s i c  c o n s i s t e n c y  wi th the 
e s t a b l i s h e d  body of  economic t he o ry  ( e . g .  the  marginal  
produc t  of  any f a c t o r  d e c l i n e s  as the  l e v e l  of  the i npu t  of  
t h a t  f a c t o r  i n c r e a s e s ) .
4.3 Specification of Production function.
Empi r i ca l  evidence from previous  s t u d i e s  led t o  the  
fo l l owi ng  s p e c i f i c a t i o n  o f  the  produc t i on  f u n c t i on  
( Model -1).
In Y = In a + bl  ln F + b2 ln P + b3 ln L + W ( 4 . 9 )
Where Y = Yield in kg
F = F e r t i l i z e r  in r up i ahs  
P = P e s t i c i d e s  in r up i a hs  
L = Tota l  l abour  in days
{human l abour  days + (4 x d r a f t  animal)}
W = Di s tu rbance  term 
a = C o n s t a n t .
The c o e f f i c i e n t s  to be e s t i ma t ed  are  "In a " ,  the  
c o ns t a n t  term o f  the  equa t i on  and "b1,b2 and b3" ,  the 
p r oduc t i on  e l a s t i c i t i e s  o f  the  r e s p e c t i v e  i n p u t s .
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Use of  Dummy Var i ab l e  in Regress ion Equa t ions .
The dummy v a r i a b l e  i s  a s imple and u s e f u l  method which 
can be in t roduced  i n t o  a r e g r e s s i o n  a n a l y s i s .  Dummy 
v a r i a b l e s  may be used as p r ox i e s  for  q u a l i t a t i v e  f a c t o r s ,  
such as o c c u p a t i o n ,  r e g i o n ,  e t c ,  or for  q u a n t i t a t i v e  
f a c t o r s ,  when no o b s e r v a t i o n s  of  t he se  f a c t o r s  are  
a v a i l a b l e  (Kout soy iann i s  1977).
To f ix  i deas  and s i mp l i f y  the  p r e s e n t a t i o n ,  suppose 
the  dependent  v a r i a b l e  i s  y i e l d  in ki l ograms and the  
e x p l a n a t o r y  v a r i a b l e s  ( i n p u t s )  are  f e r t i l i z e r ,  p e s t i c i d e s  
and l a b ou r .  I t  i s  sought  to s tudy  not  only  the  i n f l u e n c e  
o f  f e r t i l i z e r ,  p e s t i c i d e s  and l abour  on y i e l d  but  a l so  the  
e f f e c t  of  the  d i f f e r e n c e  o f  t e rmi n a l  i r r i g a t i o n  q u a l i t y .  
There i s  a two- type t e r m i n a l  i r r i g a t i o n  q u a l i t y ,  improved 
t e r m i n a l  i r r i g a t i o n  a rea  (PTP a r ea )  and unimproved area  
(Non-PTP a r ea )  . Here the  dummy v a r i a b l e  (D) has to  be 
de f ined  with the  p r op e r t y  t h a t  D = 1 i f  the  i tem be longs  t o  
the  PTP a r e a ,  o t he rwi s e  D = 0. The c o e f f i c i e n t  o f  D i s  the  
e s t i ma t ed  d i f f e r e n c e  in i n t e r c e p t  of  the  PTP and non-PTP 
a r ea  . ( 1)
(1) The use o f  dummy v a r i a b l e  for  i r r i g a t i o n  
improvement needs  t o  be i n t e r p r e t e d  c a r e f u l l y ,  s i nce  
t he  PTP a r ea  (dummy) may be p i c k i ng  up the  l o c a l  
d i f f e r e n c e s  r a t h e r  than t e r m i n a l  i r r i g a t i o n  
d i f f e r e n c e s .  The n o n - a v a i l a b i l i t y  o f  da t a  on
i r r i g a t i o n  water  supply  for  each farm in 1978/79 i s  a 
major  l i m i t a t i o n  o f  the  s t udy .
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Then the dummy variable for the PTP area is introduced 
into the regression equation. Mow the production function 
takes the form (Model 2) :
ln Y = In a + bl ln F + b2 ln P + b3 ln L + b4 D + W (4. 10)
Where D = dummy variable for PTP area. The 
coefficients to be estimated are "In a", the constant term 
of the equation and "bl, b 2 , b3", the production 
elasticities of the respective inputs, while "b4" is the 
coefficient of the dummy variable.
If the irrigation improvement increases production 
through a neutral shift, the PTP area dummy is expected to 
be positive and significant.
Irrigation Effects on Factor Elasticities.
This section assumes that terminal irrigation 
improvement directly affects the elasticities of the 
fertilizer, pesticide and labour variables. Then the 
production function takes the form (Model 3):
ln Y = In a + b 1 ln F + b2 ln P + b3 ln L + b4 (ln F x D) +
b5 (ln P x D) + b6 (ln L x  D) + W (4. 11)
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The coefficients to be estimated are "In a" , the
constant term of the equation , " b 1, b2, b3'\ the
production elasticities of the respective inputs and "b4,
b5 and b6", the difference in the production elasticities 
of the respective inputs between PTP and non-PTP areas.
If the production increase were due to the greater 
response to fertilizer, labour or other input, then the 
coefficients of the PTP area would be significantly higher 
than those for the non-PTP area (Easter 1977).
*1.4 Regression results
The production function was estimated by fitting the 
Cobb-Douglas function (linear in logarithmic form) to the 
50 cross-sectional sample farms. Multiple regression 
analyses were run on the Dec 10 computer using the 
Statistical Package for the Social Sciences (SPSS) 
described in Nie, Hull, Jenkins, Steinbrenner and Eent 
(1975). This section discusses the empirical findings of 
the production function analysis. The discussion will be 
divided into two parts: the first deals with the 
statistical interpretation and estimates excluding the 
dummy variable, while the second deals with the statistical 
interpretation and estimates where all variables, including
the dummy variable, are considered.
Page 7^
4 . 4 . 1  P r o d u c t i o n  f u n c t i o n  ( e x c l u d i n g  dummy v a r i a b l e ) .
The e s t i m a t e d  c o e f f i c i e n t s  and th e  r e l a t e d  s t a t i s t i c s
a r e  summarized in  Table  4 . 1 ,  f o r  paddy,  soybeans  and
t o b a c c o .  Each i n d i v i d u a l  p r o d u c t i o n  c o e f f i c i e n t  was t e s t e d
u s in g  t h e  t - t e s t . The c o e f f i c i e n t  o f  m u l t i p l e  
2
d e t e r m i n a t i o n  (R ) i n d i c a t e s  t h e  v a r i a t i o n  in  t o t a l  farm 
p r o d u c t i o n  acco u n te d  f o r  by t h e  f i t t e d  r e g r e s s i o n .  In
2
q u a l i t a t i v e  t e r m s ,  t h e  i m p l i c a t i o n  i s  t h a t  t h e  c l o s e r  R i s  
t o  u n i t y ,  the  b e t t e r  t h e  model e x p l a i n s  t h e  d a t a  (Wonnacot t  
and Wonnacot t  1970; K o u t s o y i a n n i s  1977) .
TABLE 4 .1 .  ESTIMATED PRODUCTION FUNCTION COEFFICIENTS (MODEL 1) 
FOR PADDY, SOYBEANS AND TOBACCO IN 1978-1979.
I n p u t Padd y soybeans to b a c c o
F e r t i l i z e r 0 .4  10*** 0.  108
( 0 . 0 7 7 ) - ( 0 . 0 8 5 )
P e s t i c i d e s 0 .015* 0.036* - 0 .0 0 8
( 0 .0 0 9  ) ( 0 . 0 1 8 ) ( 0 . 0 1 1 )
Labour 0 .203** 0.472*** 0.333***
( 0 . 0 9 5 ) (0 .  104 ) (0 .  104)
C o n s t a n t  ( I n)  
2
3.325 4.677 4.607
R
2
0 .483 0.349 0.278
A d ju s te d  R 0 .450 0 .317 0 .230
F 1 4 .337*** 10.967**'* 5 .892***
No. o f  o b s e r v a t i o n 50 44 50
F i g u r e s  in p a r e n t h e s e  a r e  t h e  s t a n d a r d  e r r o r  o f  c o e f f i c i e n t .  
* s i g n i f i c a n t  a t  10 p e r c e n t  l e v e l  
** s i g n i f i c a n t  a t  5 p e r c e n t  l e v e l  
*** s i g n i f i c a n t  a t  1 p e r c e n t  l e v e l
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S ince  th e  i n c l u s i o n  o f  even an i r r e l e v a n t  v a r i a b l e
2
w i l l  a lm o s t  c e r t a i n l y  i n c r e a s e  R because o f  chance
f l u c t u a t i o n ,  i t  i s  n e c e s s a r y  t o  c o r r e c t  f o r  t h i s ,  by 
2
r e d u c i n g  R a p p r o p r i a t e l y . The e x p r e s s i o n  f o r  t he  a d j u s t e d
-2
c o e f f i c i e n t  o f  m u l t i p l e  d e t e r m i n a t i o n  (R ) i s  :
-2  2 2 k
R = R -  ( 1-R) -----------------  ( 4 .  12)
n -  k -  1
Where n i s  t h e  number o f  o b s e r v a t i o n  and Tk 1 i s  t h e  number 
o f  pa ra m e te rs  e s t i m a t e d  f rom the  sample ( K o u t s o y i a n n i s  
1977).
In  t h i s  s t u d y ,  f o r  t h e  i n d e p e n d e n t  v a r i a b l e s
c o n s i d e r e d  under  t h i s  s e c t i o n ,  the  v a lu e  o f  the  a d j u s t e d
2
m u l t i p l e  c o e f f i c i e n t  o f  d e t e r m i n a t i o n  ( a d j u s t e d  R ) i s
s i g n i f i c a n t l y  d i f f e r e n t  f rom ze ro  even a t  t h e  1 p e r c e n t
2
l e v e l .  The a d j u s t e d  R f o r  th e  e s t i m a t e d  f u n c t i o n s  are
0 . 4 5 0 ,  0 .317 and 0 .2 3 0  f o r  paddy,  soybeans and t o b a c c o ,
2
r e s p e c t i v e l y  ( R = 0 . 4 8 3 .  0 .349 and 0 .2 78  r e s p e c t i v e l y ) .
T h i s  s u g g e s ts  t h a t  a 0 . 5 5 0 ,  0 .683  and 0 .770  v a r i a t i o n  in
t o t a l  paddy,  soybean and to b a c c o  p r o d u c t i o n ,  r e s p e c t i v e l y ,
i s  u n e x p l a i n e d  by t he  i n d e p e n d e n t  v a r i a b l e s  e n t e r e d  as a
group  in  t h e  r e g r e s s i o n  e q u a t i o n .  The u n e x p la in e d  p a r t  o f
t he  v a r i a b i l i t y  o f  g ro s s  o u t p u t  may be due t o  o t h e r  i n p u t
f a c t o r s  w h ich  have no t  been ta ken  i n t o  accoun t  and o t h e r
s p e c i f i c a t i o n  and measurement  e r r o r s .  W h i le  t h e s e  a d j u s t e d  
2
R v a lu e s  are i n  a sense d i s a p p o i n t i n g l y  l ow ,  i t  s hou ld  be 
r e c o g n i z e d  t h a t  o n l y  c r o s s - s e c t i o n a l  da ta  a re  i n v o l v e d  in
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the analysis and therefore it is probably not reasonable to
2
expect a very high R (Taylor 1979).
For paddy, the production coefficient for fertilizer 
(0.410) is very higly significantly different from zero at 
the 1 percent significance level. For labour, the 
coefficient is higly significantly different from zero at 
the 5 percent level, while for pesticides, the coefficient 
is significant at the 10 percent significance level.
For soybeans, the production coefficient for labour 
(0.472) is very highly significantly different from zero at 
the 1 percent significance level, for pesticides (0.036) it 
is not significantly different from zero at the 10 percent 
level.
For tobacco, the production coefficient for labour 
(0.333) is very highly significantly different from zero at 
the 1 percent significance level, while for fertilizer 
(0.108) and pesticides (-0.008) they are insignificantly 
different from zero at the 10 percent significance level.
However, all the significant coefficients are less 
than one, indicating decreasing marginal returns for each
of the factors.
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TABLE H.2.  CORRELATION COEFFICIENTS BETWEEN VARIABLES (MODEL 1) 
FOR PADDY, SOYBEAN AND TOBACCO PRODUCTION FUNCTIONS.
I n p u t  F e r t i l i z e r  P e s t i c i d e s  Labour
P A D D Y
F e r t i l i z e r  1.000
P e s t i c i d e s
Labour
S O Y B E A N S  ( 1)
P e s t i c i d e s
Labour
0.086 0. 18 1
1.000 0 .003
_ 1.000
1.000 - 0 . 170 
1.000
T O B A C C O  
F e r t i l i z e r  1.000
P e s t i c i d e s  
Labour
0 .089 0 ..335
1.000 - 0 .. 105
1, 000
( 1 )  F e r t i l i z e r  i s  no t  i n c l u d e d  i n  t h e  soybean p r o d u c t i o n  f u n c t i o n .
P r o d u c t i o n  a n a l y s i s  has o f t e n  been be s e t  by p rob lem s  
o f  m u l t i c o i l i n e a r i t y  between a l l  o r  some o f  t he  i n d e p e n d e n t  
v a r i a b l e s .  The p rob lem o f  m u l t i c o i l i n e a r i t y  a r i s e s  when 
one o r  more o f  t he  e x p l a n a t o r y  v a r i a b l e s  i n  t he  e q u a t i o n  
are h i g h l y  c o r r e l a t e d  w i t h  one a n o th e r  and t h e i r  s e p a r a t e  
e f f e c t s  c anno t  be c o n v e n i e n t l y  decomposed.  Loo k in g  a t  
Tab le  H.2,  th e  c o e f f i c i e n t s  are w e l l  be low  0 . 7 .  As s u c h ,  
i t  i s  assumed t h a t  m u l t i c o l l i n e a r i t y  i s  no t  a p rob lem i n
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this section of the analysis and that the production
( 1)
coefficients are well estimated.
The coefficient for pesticides for tobacco (-0.008) 
has a negative sign and is not statistically significant, 
because the pesticide usage for this crop is quite minimal, 
and this input is applied to "cure" rather than to 
"prevent" pest infestation. As reported by most farmers, 
it is used only when there is some sign of pest attack. In 
some cases, the damage has already been done to the crop 
when the pesticides are applied and the loss is already 
quite considerable. Therefore, the correlation between 
pesticides and labour is considerably low, even negative 
for soybeans and tobacco.
As discussed in Section 4.1., the production 
elasticities indicate the expected percentage increase (or 
decrease) in gross output as a result of a 1 percent 
increase of that output, with other input levels held 
constant. As presented in Table 4.1, the production 
elasticities for fertilizer, pesticide and labour for paddy 
production are 0.410, 0.015 and 0.203 respectively. This 
means that a 1 percent increase in fertilizer would lead to 
a 0.410 percent increase in total output when all other 
relevant inputs were held constant. In other words, if the 
fertilizer input is doubled, then gross output will be 
increased by about 41.0 perecent. The interpretation for
(1) Heady and Dillon (1961:136) suggested that if the 
correlation coefficient is close to unity or greater 
than 0.8, the regression analysis should be carried out 
with one of the highly correlated variables omitted in 
the analysis.
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pesticide and labour is that a 100 percent increase in each 
of the factors of pesticides and labour will result in an 
increase of gross output by 1.5 and 20.3 percent 
respectively. Similar interpretations can be made for 
soybeans and tobacco. Except for pesticides in tobacco 
production, the coefficient is -0.008, which means that a 
100 percent increase in each of the amounts of pesticide 
used would result in a decrease in gross output of 0.8 
percent, but this result is not significant.
Returns to scale.
Since the regression coefficients are the production 
elasticities, their sum measures the returns to scale of 
the factors under consideration. From Table 4.1 the 
production elasticities sum up to 0.628, 0.508 and 0.433 
for paddy, soybeans and tobacco respectively. This 
indicates that for the average farm under consideration, if 
all the factors of fertilizer, pesticides and labour are 
simultaneously increased by 1 percent, gross output will 
increase by 0.628, 0.508, 0.433 percent. That is, if 
fertilizer, pesticides and labour are simultaneously 
doubled, total output will increase by 62.8, 50.8 and 43-3 
percent, thus indicating decreasing returns to scale.
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4.4.2 Production function with PTP area (dummy) entered as 
explicit variables.
4.4.2. 1. Irrigation effects on the intercept of the 
production function.
To measure dissimilarity amongst two selected tertiary 
units, a zero-one dummy variable for PTP and Non-PTP areas 
was then entered into the regression analysis. The 
production function was then re-estimated by fitting the 
Cobb-Douglas functional form using all the inputs 
previously considered, plus the PTP area dummy variable 
indentified (equation 4.9). The resultant estimated 
coefficients and their related statistics are summarized in 
Table 4.3. It was hypothesized that if the terminal
irrigation improvement increased production through a 
neutral shift, the PTP area dummy would be positive and 
significant .
Test for significance of the additional PTP area dummy 
variables .
Table 4.4 presents the analysis of variance test 
concerning the influence of the addition of the PTP area 
dummy variable on the mean of gross output. The null 
hypothesis is that gross output depends only on the 
explanatory variables considered in Section 4.4.1 above. 
The alternative hypothesis is that gross output not only 
depends on the explanatory variable considered in 
Section 4.4.1 but also on the additional explanatory 
variable of the PTP area dummy. That is, it is
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hypothesised that a significantly better fit is obtained 
when the PTP area factor is also specified. For tobacco, 
it can be seen that the alternative hypothesis cannot be 
rejected at the 1 percent significance level. Therefore, 
the alternative hypothesis, that the inclusion of the PTP 
area dummy contributes to the explanation of variations of 
gross output, is accepted. Even so, the null hypothesis 
cannot be rejected at all plausible levels of significance 
for paddy and soybeans. Therefore, the hypothesis that 
gross output depends only on the original explanatory 
variables is accepted.
TABLE 4.3. ESTIMATED PRODUCTION FUNCTION COEFFICIENTS (MODEL 2)
FOR PADDY, SOYBEANS AND TOBACCO IN 1978-1979*
Input Padd y soybeans tobacco
Fertilizer 0.425 *** 0.052
(0.082) - (0.072)
Pesticides 0.016* 0.036** -0.007
(0.009) (0.018) (0.09)
Labour 0.20 1** 0.472*** 0.425***
(0.095) (0. 104 ) (0.089)
PTP area dummy (In) -0.034 1) 0.330***
(0.058) - (0.071)
Constant (In)
o
3* 188 4.678 4.565
cL
R
o
0.487 0.349 0.5 12
c.
Adjusted R 0.442 0.317 0.469
F 10.685*** 10.967*** 11.826***
No. of observation 50 44 50
Figures in parentheses are the standard error of coefficient
1)F-level or tolerance- level insufficient for computation.
* significant at 10 percent level 
** significant at 5 percent level 
*** significant at 1 percent level
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TABLE ANALYSIS OF VARIANCE (MODEL 2) FOR PADDY,
SOYBEAN AND TOBACCO PRODUCTION.
Source of variation Sum of Degree of Mean square F*
squares f reedom error
P A D D Y
Original variables (1) 1.48 1 3
Additional variable (2) 0.012 1 0.012
Sub total 1.493 4
Resid ual 1.574 45 0.035 0.343
Total 3.067 49 Fo .o5 = 4.08
S O Y E E A N S
Original variable (1) 2. '60 2 *
Additional variable (2) (3) 1 (3)
Sub total 2. 160 3
Residual 4.04 40 0. 10 1 (3)
Total 6.200 43 * -
T O B A C C O
Original variables (1) 
Additional variable (2)
1.670 3
1.260 1 1.260
Sub total 
Residual
2.930
2.530
4
45 0.056 22.500*»*
Total 5.460 49 Fo.o1=7.31
(1) Original variables are Fertilizer (except for soybeans), 
Pesticides and Labour .
(2) Additional variable is PTP area (dummy).
(3) The amount is less than 0.01
Production elasticities.
The re-estimated coefficients and their related 
statistics are summarized in Table 4.3- Each individual
coefficient was tested using a t-test. Consistent with the
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a n a l y s i s  o f  v a r i a n c e  a bove ,  t he  i n c l u s i o n  o f  t he  PTP a r e a  
dummy v a r i a b l e  s i g n i f i c a n t l y  improved t h e  r e g r e s s i o n  f i t  
o n l y  f o r  t o b a c c o  p r o d u c t i o n .  The va l ue  o f  a d j u s t e d  
m u l t i p l e  d e t e r m i n a t i o n  m a r g i n a l l y  i mpr ove s ,  from 0 . 230  
p e r c e n t  t o  0 . 469  p e r c e n t ,  which means t h a t  0 .469 p e r c e n t  o f  
t h e  v a r i a t i o n  in g r o s s  o u t p u t  has been e x p l a i n e d  by t h e  
i nd e p e n d e n t  v a r i a b l e s  e n t e r e d  so f a r ,  i n c l u d i n g  t h e  PTP 
a r e a  dummy. The u n e x p l a i n e d  p a r t  o f  t h e  v a r i a b i l i t y  i s  due 
t o  o t h e r  i n p u t  f a c t o r s  which have not  been t ak e n  i n t o  
a c c o u n t .  For paddy and s o y b e a n s ,  t he  i n c l u s i o n  o f  t h e  PTP 
a r e a  f a c t o r  dummy v a r i a b l e  does  not  s i g n i f i c a n t l y  improve 
t h e  r e g r e s s s i o n  f i t .
For paddy,  as shown in Table  4.3» t h e  p r o d u c t i o n  
c o e f f i c i e n t s  o f  f e r t i l i z e r  ( 0 . 4 2 5 )  and l a b o u r  ( 0 . 2 0 1 )  a r e  
h i g h l y  s i g n i f i c a n t  a t  t h e  5 and 1 p e r c e n t  s i g n i f i c a n c e  
l e v e l  r e s p e c t i v e l y .  For p e s t i c i d e s  ( 0 . 0 1 6 )  i t  i s  
s i g n i f i c a n t  a t  t h e  10 p e r c e n t  s i g n i f i c a n c e  l e v e l ,  wh i l e  t he  
PTP a r e a  dummy v a r i a b l e  ( - 0 . 0 3 4 )  i s  i n s i g n i f i c a n t  a t  a l l  
p l a u s i b l e  l e v e l s  o f  s i g n i f i c a n c e .
For s o y b e a n s ,  t he  p r o d u c t i o n  f u n c t i o n  c o e f f i c i e n t  o f  
l a b o u r  ( 0 . 4 7 2 )  i s  ve r y  h i g h l y  s i g n i f i c a n t  a t  t h e  1 p e r c e n t  
s i g n i f i c a n c e  l e v e l .  For  p e s t i c i d e s  ( 0 . 0 3 6 )  i t  i s  
s i g n i f i c a n t  a t  t h e  10 p e r c e n t  s i g n i f i c a n c e  l e v e l ,  wh i l e  t h e  
PTP a r e a  dummy i s  i n s i g n i f i c a n t l y  d i f f e r e n t  from z e r o  a t
a l l  p l a u s i b l e  l e v e l s  o f  s i g n i f i c a n c e .
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On the question of multicollinearity between 
independent variables, the correlation coefficient between 
explanatory variables are well below 0.7 (Table 4.5). 
Following the advice of Heady and Dillon (1961: *36), it is 
assumed that multicollinearity is not a severe problem in 
this estimation, and that the production coefficients are 
well estimated.
TABLE 4.5. CORRELATION COEFFICIENTS BETWEEN VARIABLES (MODEL 2)
IN PADDY, SOYBEAN AND TOBACCO PRODUCTION FUNCTION.
Input Fertilizer Pesticides Labour PTP area 
(dummy)
P A D D Y
Fertilizer 1.000 0.086 0. '8 1 0.331
Pesticides - 1.000 0.003 0.255
Labour
PTP area (dummy) 
S O Y E E A N S (1)
1.000 0.026
1.000
Pesticides
Labour
PTP area (dummy)
1.000 -0. 170 
1.000
0.205
0.304
1.000
T O B A C C O
Fertilizer 1.000 0.089 0.335 0.096
Pesticides 1.000 -0. 105 0.023
Labour
PTP area (dummy)
— 1.000 -0. 176 
1.000
(1) Fertilizer is not included in soybeans production function.
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For paddy, as shown in Table 4.3, the production 
coefficients for fertilizer, pesticides and labour are 
0.425, 0.016 and 0.201 respectively, and significant at 
least at the 10 percent level. This means that fertilizer, 
if doubled, would increase total output by 42.5 percent, 
assuming, of course, that all other relevant input levels 
are held constant. Similar interpretations can be made for 
other inputs, e.g. if expenditure in pesticides increases 
by 100 percent, gross output will increase by 1.6, and 
doubling the amount of labour used would increase gross 
output by 20.1 percent. Similar interpretations can also 
be made for soybeans and tobacco. However, doubling 
pesticide usage for tobacco would decrease gross output by 
0.7 percent. The negative production coefficient for 
pesticide could probably be due to reasons already 
discussed in Section 4.4.1 above. It is suspected that 
most of the farms used pesticides when the plants were 
already infested and the damage already done. If the 
attack is at an advanced stage of plant growth, increased 
dosages of pesticide would not restore the plants to their 
original pre-infestation condition, but merely kill the 
insect pests and prevent further damage; the coefficient 
is not significantly different from zero at the 10 percent 
significance level. (1)
(1) Sahota (1968) suggested that negative coefficients 
in the context of a Cobb-Douglas function are "absurd", 
therefore, this result has to be interpreted with 
caution .
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The c o e f f i c i e n t s  for  the  PTP a rea  dummy for tobacco i s  
0 . 330» and the  a n t i l o g  i s  1.391 . This i n d i c a t e s  t h a t  
tobacco ou tpu t  per ha could be in c re a s e d  by 39 per c e n t , on 
a v e ra g e ,  i f  a l l  fa rmers  from the  non-PTP a rea  were on the  
same l e v e l  o f  t e rm in a l  i r r i g a t i o n  q u a l i t y  as the  PTP a r e a .  
The c o e f f i c i e n t s  o f  the  PTP a rea  dummy for  paddy and 
soybeans are  -0 .033  and -0.C07 r e s p e c t i v e l y ,  a re  not 
s i g n i f i c a n t l y  d i f f e r e n t  from zero a t  the  10 p e rc e n t  
s i g n i f i c a n c e  l e v e l ,  i n d i c a t i n g  t h a t  a f t e r  s e p a r a t i n g  the 
e f f e c t s  o f  d i f f e r e n t i a l  t e rm in a l  i r r i g a t i o n  q u a l i t y ,  the 
performance o f  i n p u t s  used in the  PTP a rea  i s  not b e t t e r  
than in the  non-PTP area  fo r  paddy and soybean p ro d u c t io n .
The h y p o th e s i s  t h a t  i r r i g a t i o n  improvement in c re a s e d  
p roduc t ion  through a n e u t r a l  s h i f t  i s  on ly  confirmed for  
to b a cco ,  where the c o e f f i c i e n t  o f  the  PTP a rea  dummy i s  
p o s i t i v e  and s i g n i f i c a n t .  Paddy and soybeans are 
i n c o n s i s t e n t  with the  h y p o t h e s i s ,  s ince  the  c o e f f i c i e n t  i s  
n e g a t iv e  and i n s i g n i f i c a n t l y  d i f f e r e n t  from z e ro .  For 
paddy, t h i s  f in d in g  i s  in agreement with a t e s t  conducted 
by the  Purvey Agro Fconomic (Department o f  A g r i c u l t u r e ) ,  in 
Pekalen Sampean I r r i g a t i o n  P r o j e c t ,  ''972-73  (Taylor  e t  a l . 
1979) .  I r r i g a t i o n  improvement i s  a l so  not  a s s o c i a t e d  with 
h ighe r  soybean y i e l d s ,  but  t h i s  i s  not  s u p r i s i n g  s ince  
soybeans r e q u i r e  l e s s  water  than o th e r  secondary  c ro p s ,  and 
in f a c t  a re  h ig h l y  s e n s i t i v e  to  the  excess  water  sometimes 
su p p l ie d  in the PTP a rea  (Pasandaran  *979 ) .
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Returns  to s c a l e .
From Table *1.3, the  sum of  the produc t i on  e l a s t i c i t i e s  
( co n s id e r i n g  only  the  q u a n t i t a t i v e  v a r i a b l e s )  which measure 
r e t u r n s  to s ca l e  are  0.6*12, 0.511 and 0.  *17 0 f o r  paddy,  
soybeans and tobacco r e p e c t i v e l y .  These i n d i c a t e ,  f o r  the 
average farmer under c o n s i d e r a t i o n ,  t h a t  i f  a l l  t he  f a c t o r s  
o f  f e r t i l i z e r ,  p e s t i c i d e s  and l abour  are  s i mu l t a n e ou s l y  
i n c r e a s e  by 100 pe r c e n t  , g ros s  o u t pu t  would i n c r e a s e d  by 
6*t.2, 51.1 and 47 .0  pe r c e n t  r e s p e c t i v e l y .
I r r i g a t i o n  e f f e c t s  on f a c t o r  e l a s t i c i t i e s .
This  s e c t i o n  assumes t h a t  t e r m i n a l  i r r i g a t i o n  d i r e c t l y  
a f f e c t s  the  e l a s t i c i t y  o f  the  f e r t i l i z e r  , p e s t i c i d e  and 
l abour  v a r i a b l e s .  The p roduc t i on  f u n c t i on  was then 
r e - e s t i m a t e d  by f i t t i n g  the  Cobb-Douglas f u n c t i o n a l  form 
fo r  each c rop.  The model and v a r i a b l e s  used in the  
r e g r e s s i o n  a n a l y s i s  and the  r e s u l t s  of  the  m u l t i p l e  
r e g r e s s i o n  a n a l y s i s  and t h e i r  r e l a t e d  s t a t i s t i c s  a re  
r e p o r t e d  in Table 4 . 6 .
I t  was hypothes i zed  t h a t  i f  t he  p r oduc t i on  i n c r e a s e  
were due to  the  g r e a t e r  r esponse  to  f e r t i l i z e r ,  p e s t i c i d e s  
or  l a b o u r ,  the c o e f f i c i e n t s  o f  f e r t i l i z e r ,  p e s t i c i d e s  or 
l abour  i n t e r a c t i n g  wi th the  PTP a r ea  dummy would be 
p o s i t i v e  and s i g n i f i c a n t .  In the  l a t e r  model (model 3 ) ,  
t he  r e g r e s s i o n  equa t ion  inc luded  the  PTP area  (dummy) as a 
s l ope -cha ng i ng  a ge n t ,  wi th r e s p e c t  to  each of  the  v a r i a b l e s
-  f e r t i l i z e r ,  p e s t i c i d e s  and l a b o u r .
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TABLE 4.6. ESTIMATED PRODUCTION FUNCTION COEFFICIENTS (MODEL 3) 
OF PADDY, SOYBEAN AND TOBACCO PRODUCTION, *978-1979.
Input Padd y Soybeans Tobacco
Fertilizer 0.423*** 0.048
(0.083) - (0.073)
Pesticides 0.0 14 0.03 1 0.012
(0.022) (0.011) (0.013)
Labour 0.202** 0.485*** 0.436***
(0.097) (0. 119) (0.111)
DF (1) 0.040
- - (0.087)
DP 0.006 0.023 -0.037**
(0.021 (0.040) (0.018)
DL -0.014 -0.047 0.011
(0.030) (0.082) (0.011)
Constant (In) 3.200 4.665 4.482
2
R 0.487 0.354 0.557
2
Adjusted R 0.429 0.288 0.495
F 8.366*** 5.347*** 9.0 11***
No. of observation 50 44 50
Figures in parentheses are the standard error of the coefficient. 
(1) F-level or tolerance-level insufficient for computation.
* significant at *0 percent level 
** significant at 5 percent level 
*** significant at 1 percent level
Regression result.
Each individual coefficient was then tested using the
t-test.
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For paddy, as shown in Table *1.6, the  p roduc t ion  
c o e f f i c i e n t s  o f  f e r t i l i z e r  and labour  (0.*J23 and 0.205 
r e s p e c t i v e l y )  are h ig h ly  s i g n i f i c a n t  a t  l e a s t  a t  the  5 
pe rce n t  s i g n i f i c a n c e  l e v e l .  While fo r  p e s t i c i d e s  (0.01*0 
i t  i s  i n s i g n i f i c a n t  at  the  10 p e rc e n t  l e v e l .
For soybeans ,  as shown in Table *0 6, the  p roduc t ion
c o e f f i c i e n t  o f  labour  (0.  *485 ) i s  very h ig h ly  s i g n i f i c a n t  a t
the  1 p e r c e n t  s i g n i f i c a n c e  l e v e l ,  while  fo r  p e s t i c i d e s  
( 0 . 0 3 D i t  i s  i n s i g n i f i c a n t  a t  the  10 p e rc e n t  l e v e l .
For to b a cco ,  as shown in Table *1.6, the  p roduc t ion  
c o e f f i c i e n t  o f  labour  (0.  *130) i s  very h ig h l y  s i g n i f i c a n t  a t  
the  1 p e r c e n t  s i g n i f i c a n c e  l e v e l .  While fo r  f e r t i l i z e r  and 
p e s t i c i d e s  (0. C*18 and 0 .012 r e s p e c t i v e l y )  i t  i s
i n s i g n i f i c a n t  a t  the  10 p e rc e n t  l e v e l .
Apart from p e s t i c i d e s  in tobacco  c u l t i v a t i o n ,  the  
d i f f e r e n c e  in the  f e r t i l i z e r ,  p e s t i c i d e  and labour  
c o e f f i c i e n t s  between the  PTP and non-PTP a r e a s  i s
i n s i g n i f i c a n t  a t  the  10 p e rc e n t  l e v e l .  This i n d i c a t e s  t h a t  
i r r i g a t i o n  improvement does not  e f f e c t  the  re sponse  of  
f e r t i l i z e r ,  p e s t i c i d e s  and labour  used on y i e l d s  in the  PTP 
and non-PTP a rea s  .
The d i f f e r e n c e  in the  p e s t i c i d e  c o e f f i c i e n t s  between 
the  PTP and non-PTP a r e a s  fo r  tobacco  p roduc t ion  i s  
s i g n i f i c a n t l y  d f i f e r e n t  from zero a t  the 10 p e rc e n t  l e v e l .  
The c o e f f i c i e n t  has a n e g a t iv e  s ign  and t h i s  in p u t  i s
app l ied  to  "cu re r a t h e r  than to  "p reven t p es t
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infestation, as discussed above, therefore, the 
interpretation of this coefficient is that farmers in the 
PTP area used more pesticides than in the non-PTP areas.
4.5 Summary
The fertilizer and labour variables were the most 
important in explaining paddy production. For soybean and 
tobacco production, labour was the only important variable. 
Pesticides were not important in the production of any 
crops. This follows from the fact that pesticide usage in 
crops is quite minimal.
Fertilizer was not important in explaining tobacco 
production, in the two selected areas. This might be 
expected since the two areas had homogeneous farms so that 
fertilizer use per hectare in tobacco production does not 
vary much among farms.
The hypothesis that terminal irrigation improvement 
increases production through a neutral shift is only 
confirmed for tobacco production, while the production of 
paddy and soybeans is inconsistent with the hypothesis. 
For paddy cultivation, this inconsistence with the 
hypothesis may be because during the wet season the supply 
of water in both PTP and non-PTP areas is sufficient for 
paddy requirements (Table 3.5), and this finding is in 
conformity with the survey done by the Survey Agro 
Economics in 1973 (Taylor et al 1979:30.
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For soybean production, terminal irrigation 
improvement also is not associated with higher yields; 
this might be because the water requirement for soybeans is 
quite minimal and the crop is highly sensitive to excess 
water (Passndaran 1979:55).
The hypothesis that terminal irrigation improvement 
affects production through changes in factor elasticities 
is not succesfully proved since the response of fertilizer, 
pesticides and labour to yields in PTP and non-PTP areas 
are not significantly different from each other (except 
pesticides for tobacco cultivation). The evidence suggests 
that the increase in paddy and soybean production may
simply be due to the greater use of fertilizer and labour 
per hectare for paddy and soybeans, respectively, as 
discussed in Chapter 3 (Table 3-7). Eut in the dry season 
when a shortage of water occurs, the improvement of
terminal irrigation becomes more important, especially for 
the crops that require a lot of water, such as tobacco.
It was not possible to draw stronger conclusions 
because a limited number of tertiary irrigation systems 
were studied and data were collected and analyzed for
relatively few variables.
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CHAPTER 5
ALLOCATIVE EFFICIENCY OF FARM INPUTS
The m a r g i n a l p r o d u c t i v i t y o f a p a r t i c u l a r  i n p u t  i s  t he
change  in o u t p u t which can be e x p e c t e d  from a u n i t  a d d i t i o n
o f  t he  i n p u t  concer ned  wh i l e  o t h e r i n p u t s  a r e  he l d  c o n s t a n t
( Yo t opou l os  and Nugent  *976: 48) . As d i s c u s s e d  in Chap t e r
*1, t he  mar g i na l p r o d u c t i v i t y o f a p a r t i c u l a r  i n p u t  i s
d e r i v e d  by t a k i n g d e r i v a t i v e s o f  o u t p u t  wi t h  r e s p e c t  t o  t he
i n p u t  c oncer ned and t a k e s t h e form (as  l i s t e d  in
Equa t i on  4 . 7 ) : '
dY Y
MPi = ------ = b i ------
dXi Xi
The va l ue  o f  t he  i n p u t  "Xi" i s  t aken  a t  i t s  g e o m e t r i c  mean,  
e . g .  a t  t h e  va l ue  where " l og  Xi" assumes i t s  a r i t h m e t i c  
mea n , "Y" i s  t h e  e s t i m a t e d  l e v e l  o f  o u t p u t  when each i n p u t  
i s  he l d  a t  i t s  ge o me t r i c  mean and " b i "  i s  t h e  e l a s t i c i t y  o f  
o u t p u t  wi t h  r e s p e c t  t o  i n p u t  " Xi " .
The m a r g i na l  va l ue  p r o d u c t i v i t y  o f  a p a r t i c u l a r  i n p u t ,  
on t h e  o t h e r  hand ,  t a k e s  i n t o  a c c oun t  t h e  p r i c e  o f  o u t p u t ,  
i n d i c a t i n g  t he  change t o  g r o s s  income a s s o c i a t e d  w i t h  t he  
one u n i t  a d d i t i o n  o f  t h e  p a r t i c u l a r  i n p u t ,  and can be 
f o r m u l a t e d  as :
MVPi = MPi x Py 
Y
= bi  ( ------ ) Py
Xi
(5 .  0
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Where "Pyu i s  the  p r i c e  o f  ou t pu t  "Y".
The marginal  value p r o d u c t i v i t i e s  of  i n p u t s  t aken in 
c on j unc t i on  wi th t h e i r  margina l  c o s t s ,  t h e r e f o r e ,  i n d i c a t e  
t he  r e l a t i v e  e f f i c i e n c y  ( i n e f f i c i e n c y )  o f  i npu t s  used.  
Under p e r f e c t  c o m p e t i t i o n ,  i npu t  a l l o c a t i o n  e f f i c i e n c y  
occur s  when the e s t i ma t ed  marginal  value p r o d u c t i v i t y  o f  a 
p a r t i c u l a r  i npu t  equa l s  i t s  margina l  c o s t ,  and t a kes  the 
fo rm:
MVPi = MCi 
Y
bi  ( ------ ) Py = Pi ( 5 . 2 )
Xi
where t he  marginal  cos t  o f  a p a r t i c u l a r  i npu t  (MCi) r e f e r s  
to the  a d d i t i o n a l  cos t  a t  the  margin from a u n i t  a d d i t i o n  
o f  the i npu t  concerned ,  and can be taken a t  i t s  p r e v a i l i n g  
market  p r i c e  or o p p o r t u n i t y  cos t  ( P i ) .  Marginal  value 
p r o d u c t i v i t i e s  of  i n p u t s  t h a t  a r e  h ighe r  than t h e i r  
p r e v a i l i n g  market  p r i c e s  or  o p p o r t u n i t y  c o s t s  i n d i c a t e  the  
scope of  r a i s i n g  ou t pu t  p r o f i t a b i l i t y  through the  i n c r e a s e d  
use of  the i n p u t s ,  whereas t hose  l e s s  than market  p r i c e s  or 
o p p o r t u n i t y  c o s t s  i n d i c a t e  the  u n p r o f i t a b l e  n a t u r e  o f  the  
i n p u t s  use .
To s tudy  the  f a r m e r ' s  a l l o c a t i v e  e f f i c i e n c y  in us ing 
farm i n p u t s ,  the  a l l o c a t i v e  or  p r i c e  e f f i c i e n c y  index ( A E )  
w i l l  be used,  expressed as the  r a t i o  o f  margina l  value
p r o d u c t i v i t i e s  of  a c e r t a i n  i np u t  wi th i t s  p r i c e ,  and
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t a k i n g  t h e  form
AEi -
MVPi
Pi
Y Py
= bi  ( ------ ) ( ------- )
Xi Pi
Y Py
= b i  ( ---------- ) ( 5 . 3 )
Xi Pi
The v a r i a n c e  o f  "AE" can be c a l c u l a t e d  as f o l l ows  :
va r  (AEi)
Y. Py
= var  [ bi  ( -------- )]
Xi .Pi
Y.Py 2
= ( ---------- ) va r  bi
Xi .Pi
2
where ( Y . P y / X i . P i )  a r e  c o n s t a n t  w e i g h t s ,  and by
2 2
s u b s t i t u t i n g  t h e  va l ue  o f  ( Y . P y / X i . P i )  = ( / I E i / b i ) , we
f i n d  :
va r  (AEi)
AE ! 2
= ( -------- ) va r  bi  (5 . *0
b i
( 1 )
The s t a n d a r d  e r r o r  o f  "AEi" i s ;  
s (AEi) =V var  (AEi)
(1)  I am g r a t e f u l  t o  Mr. S o f j a n  Asnawi f o r  h i s  
s u g g e s t i o n  f o r  d e r i v i n g  t h e  s t a n d a r d  e r r o r  o f  t he  
a l l o c a t i v e  e f f i c i e n c y  i n d e x .
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/  AEi 2
= V ( --------) var  (b i )
bi
AEi
= ( ----------- ) s( b i )
bi
A Ei
t * ( b i ) ( 5 . 5 )
The a l l o c a t i v e  or p r i c e  e f f i c i e n c y  of  a c e r t a i n  i npu t  (AEi) 
i s  g r e a t e r  t h a n ,  equal  t o ,  or l e s s  than u n i t y  depending 
upon i t s  margina l  value p r o d u c t i v i t y  (MVPi) being h igher  
t h a n ,  equal  t o ,  or l e s s  than i t s  margina l  cos t  (MCi).
5 . 1 .  A l l o c a t i v e  e f f i c i e n c y  of  farm i n p u t s  in the  Mayang 
i r r i g a t i o n  system.
This s e c t i o n  d i s c u s s e s  the  a l l o c a t i v e  i npu t  e f f i c i e n c y
of  t he  pooled da t a  sample fa rms .  Table 5 . 1  p r e s e n t s  the
e s t i ma t ed  marginal  value p r o d u c t i v i t i e s  and margina l  or
p r i c e  e f f i c i e n c y  index fo r  the  t h r e e  i np u t s  o f  f e r t i l i z e r ,
p e s t i c i d e s  and labour  which are  de r ived  from the  geomet r i c
mean of  the  r e s p e c t i v e  i n p u t s  and o u t pu t  o f  paddy,  soybean
and tobacco p r od u c t i on .  The a l l o c a t i v e  e f f i c i e n c y  index i s
t e s t e d  s t a t i s t i c a l l y  for  i t s  s i g n i f i c a n c e  wi th the  h e l p  o f  
( 1 )
t he  " t "  t e s t .
(1) The n u l l  hypo t he s i s  i s  : Ho : (MVPi -  MCi) = 0,
or  AEi = 1; and the  a l t e r n a t i v e  hypo t he s i s  i s  : Hi :
(MVPi -  MCi) /  0, or  AEi /  1. The value  o f  t* i s
e s t i ma t ed  by dev i d ing  AEi by i t s  s t anda r d  e r r o r .  This 
va lue  i s  compared to  the  t h e o r e t i c a l  or t a b u l a r  value 
o f  " t "  which d e f i n e s  the  c r i t i c a l  r eg ion  in a 
t w o - t a i l e d  t e s t ,  wi th n-k degrees  o f  freedom.  I f  t* 
f a l l s  in the  c r i t i c a l  r e g i o n ,  we r e j e c t  t he  n u l l  
h y p o t h e s i s ,  t h a t  i s ,  we accep t  t h a t  the  e s t i ma t e  "AEi" 
i s  s t a t i s t i c a l l y  d i f f e r e n t  from 1 (Kout soyianni s  1977).
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TAELE 5.1. ESTIMATED MARGINAL VALUE PRODUCTIVITIES AND ALLOCATIVE
EFFICIENCY INDEX OF INPUTS FOR PADDY, SOYBEAN AMD TOBACCO
PRODUCTION (MODEL 1).
( 1) (2)
Input mean bi MVPi AEi
(Rp/unit)
P A D D Y
Fertilizer 23,668 0.*110 5.95 5.95#*#
(0.077) ( 1. ’2)
Pesticides (Rp) 722 0.0 15 7. 17 7. 17*
(0.009 ) (*1.30)
Labour (days) 167 0.203 *117.98 0.8*1**
(0.095) (0.39)
Output (kg) 5,373
S 0 Y B E A. N
Pesticides (Rp) 1, -70 0.036 5.81 5.81**
(0.018) (2.90)
Labour (days) *10 0. *172 2,267.30
(0. 10*4 ) ( 1.00 )
Output (kg) 79*1
T 0 E A C C 0
n .s
Fertilizer (Rp) 31,672 0. 108 -
(0.085) -
n .s
Pesticides (Rp) *n -0.008 -
(0.011) -
Labour (days) 1*12 0.333 1,328.96 2.66***
(0. 10*1) (0.83)
Output 1,557
Figures in parentheses are the; standard errors of the coefficient
( 1) Average output prices for paddy, soybeans and tobacco are
Rp 6*1, Rp 2*12 and Rp 36*1 per kg respectively, where Rp 615 =
(2) Average wages in the area is Rp 500 per day.
n.s not significant at 10 percent level
* significant at 10 percent level
** significant at 5 percent level
*** significant at 1 percent level
$US 1.
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Paddy p r od u c t i on .
The margina l  p r o d u c t i v i t i e s  o f  f e r t i l i z e r  and 
p e s t i c i d e s  are  Rp 5.95 and Rp 7.18 r e s p e c t i v e l y ,  and t h e i r  
a l l o c a t i v e  e f f i c i e n c y  indexes  are  s i g n i f i c a n t l y  h igher  than 
1, i n d i c a t i n g  t h a t  an i n c r e a s e  of  a " rup i ah"  e xpe nd i t u r e  on 
f e r t i l i z e r  and p e s t i c i d e  a t  the  margin would c o n s t r i b u t e  an 
a d d i t i o n a l  amount of  Rp 5-95 and Rp 7. 18 to gross  income 
r e s p e c t i v e l y .  The margina l  value p r o d u c t i v i t y  of  l abour  i s  
Rp *117.98, i n d i c a t i n g  an a d d i t i o n  to  gros s  income of  
Rp *117.98 fo r  the l a s t  a d d i t i o n a l  man-day of  l a b o u r .  Since 
t he  average  wage r a t e  i s  Rp 500 per  day,  the  a l l o c a t i v e  
e f f i c i e n c y  index i s  s i g n i f i c a n t l y  lower than ' ,  t h e r e b y  
i n d i c a t i n g  an excess  use of  t h i s  i n pu t .
Soybean p r od u c t i on .
The margina l  value p r o d u c t i v i t i e s  of  p e s t i c i d e s  and 
labour  are  Rp 5.81 and Rp 2 ,267 .30  r e s p e c t i v e l y ,  and t h e i r  
a l l o c a t i v e  indexes  are  s i g n i f i c a n t l y  h igher  than ' ,  
i n d i c a t i n g  t h a t  t he  i n p u t s  used are  u n d e r u t i l i z e d .  This 
s u g g e s t s  t h a t  gros s  income can be i nc r e a s e d  by i n c r e a s i n g  
the  u t i l i z a t i o n  of  t he se  i n p u t s .
Tobacco p r o d u c t i o n .
The c o e f f i c i e n t s  for  f e r t i l i z e r  and p e s t i c i d e s  are  not  
s i g n i f i c a n t l y  d i f f e r e n t  from zero a t  the  '0 pe r c e n t  
s i g n i f i c a n c e  l e v e l ,  t h e r e f o r e  t h e i r  marginal  value
p r o d u c t i v i t i e s  and a l l o c a t i v e  e f f i c i e n c y  indexes  are  not
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computed.  The marginal  value p r o d u c t i v i t y  o f  l abour  i s  
1,328.90 and the  a l l o c a t i v e  e f f i c i e n c y  index i s  
s i g n i f i c a n t l y  h igher  than i n d i c a t i n g  t h a t  t h i s  i npu t  i s  
u n d e r u t i l i z e d .  This sugge s t s  t h a t  the  gros s  income can be 
i nc r e a s e d  by i n c r e a s i n g  the  u t i l i z a t i o n  o f  the  i n p u t .  
Hence,  t h e r e  i s  some scope the  p r o d u c t i v i t y  of  land us ing  
b e t t e r  t e chnology  a t  a h ighe r  l e v e l  o f  l abour  i n t e n s i t y .
As d i s cus sed  above,  f e r t i l i z e r  i s  u n d e r u t i l i z e d  in 
paddy p r o du c t i o n .  The probable  reason fo r  the  
u n d e r u t i l i z a t i o n  of  t h i s  i npu t  i s  t h a t  the  s t andard  amount 
of  f e r t i l i z e r  used per h e c t a r e  has been e s t a b l i s h e d  by the  
l o c a l  a g r i c u l t u r a l  o f f i c i a l  for  the  d i s t r i c t ,  but  due to  
d i f f e r e n c e s  in the  topography and s o i l  c o n d i t i o n s  wi th i n  
t he  d i s t r i c t ,  the s t anda r d  might  be too low for  t h i s  
p a r t i c u l a r  a r e a .  But fa rmers  might be us ing the amount of  
f e r t i l i z e r  which i s  more or l e s s  f i xed  fo r  them which was 
sugges ted  by the  A g r i c u l t u r a l  e x t ens i on  o f f i c e r .
As r e g a r ds  the  p e s t i c i d e  i n p u t ,  t he  margina l  value  
p r o d u c t i v i t y  i s  h ighe r  than i t s  p r i c e  in paddy and soybean 
p r o d u c t i on .  This i n d i c a t e s  t h a t  the  use o f  p e s t i c i d e s  i s  
q u i t e  minimal in paddy and soybean p r od u c t i on .
In the  case of  the  l abour  i n p u t ,  the  r e t u r n  to  l abour  
i s  h ighe r  than the  average wage r a t e  in soybean and tobacco 
p r o d u c t i on ,  but  in paddy p r oduc t i on  i s  found lower than the  
average  wage r a t e .  This  sugge s t s  t h a t  the  scope to  
i n c r e a s e  gros s  income by us ing the  h igher  l e v e l  of  l abour
Page 99
i n t e n s i t y ,  whi le  in paddy p r o d u c t i on ,  i n d i c a t i n g  excess  use 
( 1 )
o f  t h i s  i n p u t .  I t  would give i n t e r e s t i n g  r e s u l t s
i f  t he  l abour  i npu t  in paddy produc t i on  could be 
r e o r g a n i s e d ,  such t h a t  more labour  could be c on c e n t r a t e d  in 
f e r t i l i z i n g  a c t i v i t y ,  because  for  the average farm very  few 
man-days were a l l o c a t e d  to  t h i s  a c t i v i t y .
5 . 2 .  A l l o c a t i v e  e f f i c i e n c y  of  farm i n p u t s  in the  PTP and 
non-PTP a r ea s  .
The a l l o c a t i v e  e f f i c i e n c y  of  i n p u t s  which have been 
d i s cus s ed  in Sec t ion  5 . 1  r e l a t e  to  the  average farm in the 
Mayang i r r i g a t i o n  sys tem.  This s e c t i o n  at temps to  ana l yse  
the  a l l o c a t i v e  e f f i c i e n c y  o f  farm i n p u t s  in two s e l e c t e d  
t e r t i a r y  u n i t s ,  t a k i ng  i n t o  account  the  d i f f e r e n c e s  in 
t e r m i n a l  i r r i g a t i o n  q u a l i t y .
The impact  of  t e r m i n a l  i r r i g a t i o n  improvement to  the  
e f f i c i e n c y  o f  i npu t  a l l o c a t i o n  needs to  be i n t e r p r e t e d  
c a r e f u l l y .  I t  e n t e r s  d i r e c t l y  through the  PTP area  (dummy) 
v a r i a b l e ,  and i n d i r e c t l y  through the  induced i n c r e a s e  in 
i npu t s  l e v e l .  The PTP a r ea  (dummy) may be p i ck ing  up l o c a l  
d i f f e r e n c e s  r a t h e r  than d i f f e r e n c e s  in i r r i g a t i o n  q u a l i t y .
( 1 ) The reason for  t h i s  excess  use o f  l abour  in paddy 
p roduc t i on  may be t h a t  f a rmers  remain bound to  the 
t r a d i t i o n a l  sys tem.  Ey t r a d i t i o n ,  paddy p roduc t i on  i s  
commomly used by fa rmers  as a source  o f  l o c a l  power and 
pa t ronage  wi t h i n  t h e i r  v i l l a g e ,  by the  d i s t r i b u t i o n  o f  
employment o p p o r t u n i t i e s  t h r oughout  the  whole community 
( C o l l i e r  e t  a l  1973),  t h e r e f o r e  the  use o f  l abour  
i n p u t s  in paddy p roduc t i on  t e n d s  to be e x c e s s i v e .
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In o r d e r  t o  s t u d y  t h e  a l l o c a t i v e  e f f i c i e n c y  o f  farm 
i n p u t s  f o r  t h e  t h r e e  d i f f e r e n t  c r o p s  and in t h e  two 
s e l e c t e d  a r e a s ,  i t  i s  n e c e s s a r y  t o  d e t e r m i n e  t h e  most  
s u i t a b l e  p r o d u c t i o n  f u n c t i o n  model as  t he  b a s i s  f o r  t he  
c a l c u l a t i o n  o f  t he  e f f i c i e n c y  o f  i n p u t  a l l o c a t i o n .
TAELE 5 . 2 .  ANALYSIS OF VARIANCE FOR PADDY PRODUCTION
(MODEL 2 AND 3 ) .
Source  o f  v a r i a t i o n  Sum o f  Degree o f  Mean s qua r e  F*
s q u a r e s f reedom e r r o r
Change o f  i n t e r c e p t
O r i g i n a l  v a r i a b l e s  ( 1) 1.48 1 3
A d d i t i o n a l  v a r i a b l e  (2) 0 . 0 1 2 1 0 . 0 1 2
Sub t o t a l 1.493 4
Resid ual 1.574 45 0.035 0 . 343
To t a l 3.067 49 F o . o 5 = 4 .00
Change in s l ope
O r i g i n a l  v a r i a b l e  ( 1 ) 1 . 4 8  1 3
A d d i t i o n a l  v a r i a b l e  (3) 0.09 1 2 0.041
Sub t o t a l 1 . 5 7 2 5
Resid ual 1 . 4 9 5 45 0.034 1.206
T o t a l 3 .067 49 Fo . o 5  = 3 • 15
(1)  O r i g i n a l  v a r i a b l e s  a r e  F e r t i l i z e r  , P e s t i c i d e s  and Labour .
(2)  A d d i t i o n a l  v a r i a b l e  i s  PTP a r e a  (dummy) as i n t e r c e p t - c h a n g i n g  a g e n t .
(3)  A d d i t i o n a l  v a r i a b l e  i s  PTP a r e a  (dummy) as s l o p e - c h a n g i n g  a g e n t .
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5 . 2 . 1  S e l e c t i n g  t h e  p r o d u c t i o n  f u n c t i o n  model as t he  b a s i s  
f o r  t h e  c a l c u l a t i o n  o f  m a r g i n a l  va l ue  p r o d u c t i v i t i e s  o f  
i n p u t s .
Ta b l e s  5 . 2 ,  5 . 3  and 5 . 4  p r e s e n t  t h e  summary o f  
a n a l y s e s  o f  v a r i a n c e  t h a t  a re  d e r i v e d  from Ta b l e s  4 . 4  and 
4 . 7 ,  which i n d i c a t e  t h e  s u p e r i o r i t y  o f  one model  compared 
t o  a n o t h e r .  The s u p e r i o r  model  w i l l  be s e l e c t e d  as t h e  
b a s i s  f o r  t he  c a l c u l a t i o n  o f  m a r g i n a l  va l ue  p r o d u c t i v i t i e s  
o f  i n p u t s  in t h e  PTP and non-PTP a r e a s .
TABLE 5 . 3 .  ANALYSIS OF VARIANCE FOR SOYBEAN PRODUCTION
(MODEL 2 AND 3 ) .
Source  o f  v a r i a t i o n Sum o f  Degree o f  Mean s qu a r e  F*
s q u a r e s  f reedom e r r o r
Change o f  i n t e r c e p t
O r i g i n a l  v a r i a b l e s  (1) 2 . 160 2
A d d i t i o n a l  v a r i a b l e  (2) (4) 1 (4)
Sub t o t a l 2 . 160 3
Resid ual 4 .040 40 0 . ' 0  1 (4)
T o t a l 6 . 2 0 0 43 Fo.o5
Change in s l o p e
O r i g i n a l  v a r i a b l e  ( 1 ) 2 . 160 2
A d d i t i o n a l  v a r i a b l e  (3) 0 . 040 2 0 . 0 2 0
Sub t o t a l 2 . 2 0 0 4
Resid ual 4 . 0 0 0 39 0 . 103 0 . 194
To t a l 6 . 2 0 0 43 Fo .o5 =
(1)  O r i g i n a l  v a r i a b l e s  a r e  F e r t i l i z e r  , P e s t i c i d e s  and Labour .
(2)  A d d i t i o n a l  v a r i a b l e  i s  PTP a r e a  (dummy) as i n t e r c e p t - c h a n g i n g  a g e n t .
(3)  A d d i t i o n a l  v a r i a b l e  i s  PTP a r e a  (dummy) as s l o p e - c h a n g i n g  a g e n t .
(4)  The amount  i s  l e s s  t han  0 . 0 1 .
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For paddy and s o y b e a n s ,  t h e  a n a l y s e s  o f  v a r i a n c e  
r e s u l t s  a r e  p r e s e n t e d  in Tab l e s  5 . 2  and 5 . 3 .  They show 
t h a t  t h e  a d d i t i o n  o f  a PTP a r e a  (dummy) v a r i a b l e  as 
i n t e r c e p t -  or  s l o p e - c h a n g i n g  a ge n t  (model  2 and 3 ) does  not  
s i g n i f i c a n t l y  improve t h e  r e g r e s s i o n  f i t .  T h e r e f o r e ,  
r e g r e s s i o n  model 1 i s  s e l e c t e d  as t he  b a s i s  o f  c a l c u l a t i o n  
o f  t he  ma r g i n a l  va l ue  p r o d u c t ! v i t i e s  o f  i n p u t s  f o r  paddy 
and soybean p r o d u c t i o n .
TABLE 5 . 4 .  ANALYSIS OF VARIANCE FOR TOBACCO PRODUCTION
(MODEL 2 AND 3 ) .
Source  o f  v a r i a t i o n  Sum o f  Degree o f  Mean s q u a r e  F*
s q u a r e s f reedom e r r o r
Change o f  i n t e r c e p t
O r i g i n a l  v a r i a b l e s  ( 1) 1.670 3
A d d i t i o n a l  v a r i a b l e  (2) 1.260 1 1.260
Sub t o t a l 2 . 930 4
Resid ual 2 . 530 45 0.056 22. 500** *
To t a l 5 . 460 49 Fo.  o1=7.31
Change in s l o p e
O r i g i n a l  v a r i a b l e  (1) 1.670 3
A d d i t i o n a l  v a r i a b l e  (3) 1.370 3 0.457
Sub t o t a l 3 .040 6
R e s i d u a l 2 . 420 43 0.056 8 . 16 1***
To t a l 5 . 460 49 Fo . o1=4 . 31
(1)  O r i g i n a l  v a r i a b l e s  a r e  F e r t i l i z e r  , P e s t i c i d e s  and Labour .
(2)  A d d i t i o n a l  v a r i a b l e  i s  PTP a r e a  (dummy) as i n t e r c e p t - c h a n g i n g  a g e n t .
(3)  A d d i t i o n a l  v a r i a b l e  i s  PTP a r e a  (dummy) as s l o p e - c h a n g i n g  a g e n t .
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However, the result of the analysis of variance for 
tobacco production, as shown in Table 5., indicates that 
both the additional PTP area (dummy) variable as intercept 
or slope changing agent, significantly improved the 
regression fit at the 1 percent significance level. This 
suggests that no clear-cut conclusion can be derived to 
define one model as superior to another. The inconclusive 
result is consistent with the regression result of the 
tobacco production function as discussed in Chapter 4, 
which suggests that the PTP area (dummy) variable affects 
both intercept and slope (especially for pesticides) of the 
the regression function.
For the purpose of determining the appropriate 
production function as the basis for the calculation of the 
marginal value productivities of inputs in tobacco
production the regression model 4 is formulated. This 
model assumes that the PTP area (dummy) variable directly 
affects the elasticity of the pesticide variable and in 
addition is responsible for a vertical shift in the 
production function. The regression model takes the form :
In Yj = In a + bl ln F + b2 ln P + b3 ln L + biJ (ln P x D) 
+ b5 D + W (5.6)
Where D is dummy variable for the PTP area. The
coefficients to be estimated are "In a" the constant term
of the equation, b 1, b2 and b3", the production
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elasticities of the respective inputs, "b4", the difference 
of the pesticides elasticities between PTP and non-PTP 
area, and Mb5", the difference in the production intercept 
between the two selected areas.
The production function was estimated by fitting the 
Cobb-Douglas function. The estimated coefficients and 
their related statistics are summarised in Table 5.5. The 
coefficient of multiple determination of the production 
function was tested using the F-test, while each individual 
production coefficient was tested using the t-test.
The adjusted coefficient of multiple determination 
2
(adjusted R ) is 0.508 and it is significantly different 
from zero at the 1 percent significance level, indicating 
that a 0.508 variation in total tobacco production is 
explained by the explanatory variables entered as a group 
in the regression equation. The production coefficient of 
labour (0.447) is very highly significantly different from 
zero at the 1 percent significance level, while the 
fertilizer coefficient (0.062) is insignificant at the 10 
percent level. For pesticides, the production coefficient 
is insignificant at the 10 percent level, but the 
difference in the production coefficient between PTP and
non-PTP areas (-0,.037) is significant at the 5 percent
level, indicating that the production coefficient of
pesticides in the PTP area (0.012 - 0,.037 = -0.025) is
significantly lower than the non-PTP area.
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TABLE 5.5. ESTIMATED PRODUCTION FUNCTION COEFFICIENTS (MODFL 4)
FOR TOBACCO IN THE MAYANG IRRIGATION SYSTEM, 1979-
Input Production 
coefficient
Fertilizer 0.062 
(0.069 )
Pesticides 0.012 
(0.013)
Labour 0 .447***
(0.C86)
(Ln P x D) -0.037 ** 
(0.017)
Change in intercept 0.469*** 
( 0.09 4 )
Constant
2
4.280
R
2
0.559
Adjusted R 0.5C8
F 11. 135
No. of observation 50
Figures in parentheses are the standard errors of the coefficient
* significant at 10 percent level 
** significant at 5 percent level 
*** significant at ' percent level
The results of the analysis of variance test 
concerning the influence of the additional variables in 
tobacco production (model 4) are presented in Table 5.6.
The null hypothesis is that output depends only on the 
original explanatory variables as stated in model 1 
(fertilizer, pesticides and labour). The alternative 
hypothesis is that output not only depends on the original
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variables, but also on the additional variables (PTP area 
dummy variable as intercept- and slope-changing agent for 
pesticides). The result indicates that the inclusion of 
the additional PTP area (dummy) variable as an intercept 
and slope-changing agent for pesticides sigificantly 
improved the regression fit at the 1 percent significance 
level. Therefore, the regression model 4 is selected as 
the basis for the calculation of the marginal value 
productivities for tobacco production in the PTP and 
non-PTP areas .
TAELE 5.6. ANALYSIS OF VARIANCE FOR TOBACCO PRODUCTION (MODEL 4).
Source of variation Sum of Degree of Kean square F*
squares freedom error
Original variables ( 1 ) 1.670 3
Additional variable (2) 1.380 2 0.690
Sub total 3.050 5
Resid ual 2.410 44 0.055 12.550***
Total 5.460 49 Fo .o 1 =4.98
(1) Original variables are Fertilizer , Pesticides and Labour.
(2) Additional variable is PTP area (dummy) as intercept- as well as 
slope-changing-agent.
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TABLE 5.7. COMPARISON OF ALLOCATIVE EFFICIENCY INDEX OF INPUTS 
FOR PADDY PRODUCTION BETWEEN PTP AMD NON-PTP AREAS,
IN THE MAYANG IRRIGATION SYSTEM, 7978-1979.
(1) (2)
Input mean bi MVPi
(Rp/unit)
AEi
Fertilizer (Rp)
PTP 26,566 0. *110 
(0.077)
5.73 c  7 0 # * #
( 1.08 )
Non-PTP
Difference 
t* value
21,089 0.410
(0.077)
6.30 6 .30*** 
(1. 18) 
-0.57 
-0. 77
Pesticides (Rp)
PTP 1,528 0.015
(0.009)
3.63 3.63* 
(2. 78)
Non-PTP
Dif f erence 
t* value
34 1 0.015
(0.009)
14.24 14.24 * 
(8.54) 
-10.61***
-5.90
Labour (day)
PTP 168 0.203
(0.095)
448.60 O.90**
(0.42)
Non-PTP
Dif f erence 
t* value
166 0.203
(0.095)
395.45 0.79**
(0.37)
0. 11
0.96
Output
PTP
Non-PTP
5,635 
5, 133
Figures in parentheses are the standard errors of the 
coefficient.
(1) Average output price for paddy in the PTP and non-PTP 
area is Rp 66 and Rp 63 per kg respectively, where
Rp 615 = $US 1.
(2) Average wages in the area is Rp 500 per day.
* significant at 70 percent level
** significant at 5 percent level 
*** significant at ' percent level
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TABLE 5.8. COMPARISON OF ALLOCATIVE EFFICIENCY INDEX OF INPUTS 
FOR SOYBEAN PRODUCTION BETWEEN PTP AND NON-PTP AREAS,
IN THE MAYANG IRRIGATION SYSTEM, 1978-1979.
Input mean
( 1 )
MVPi
(Rp/unit)
(2)
AEi
Pesticides (Rp)
PTP 2, 100 0.036 3.69 3.69**
(0.018) ( 1.85)
Non-PTP 716 0.036 8.84 8.84*#
(0.C 18) (4.42)
Difference _c,' 'c; ###
t* value -4.76
Labour (day)
PTP • 7^ 0.472 2, 146.84 4.29*#*
(0. 104) (0.95)
Non-PTP 36 0.447 2,306.36 4.61***
(0. 104 ) (1.02)
Dif f erence -0.32
t* value -1.04
Output
PTP 869
Non-PTP 736
Figures in parentheses are the standard errors of the
coefficient.
( 1) Average output price for soybean in the PTP and
non-PTP
area is Rp 256 and Rp 240 per kg respectively, where
RP 6 15 = $US 1•
(2) Average wages in the area is Rp 500 per day.
* significant at 10 percent level
** significant at 5 percent level
*** significant at 1 percent level
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TABLE 5.9. COMPARISON OF ALLOCATIVE EFFICIENCY INDEX OF INPUTS 
FOR TOBACCO PRODUCTION BETWEEN PTP AND NON-PTP AREAS,
IN THE MAYANG IRRIGATION SYSTEM, 1978-1979.
( 1) (2)
Input mean bi MVPi AEi
(Rp/unit)
Fertilizer (Rp)
n .s
PTP 33,290 0.062
(0.069)
n .s
Non-PTP 30, 134 0.062
(0.069)
Pesticides (Rp)
PTP 44 -0.025 , -366.75 -366.75**
(0.012) (176.04)
n .s
Non-PTP 37 0.012
(0.012)
Labour (day)
PTP 132 0.447 2,185.83 i) # 2)7***
(0.086) (0.84)
Non-PTP 153 0.447 1,458.21 2 .92***
(0.086) (0.56)
Dif f erence 1. 2J6***
t* value 7.08
Output
PTP 1,793
Non-PTP 1,360
Figures in parentheses are the standard errors of the 
coefficient.
(1) Average output price for tobacco in the PTP and 
non-PTP
area is Rp 360 and Rp 367 per kg respectively, where 
Rp 615 = $US 1.
(2) Average wages in the area is Rp 500 per day. 
n.s not significant at 10 percent level.
* significant at 10 percent level 
** significant at 5 percent level 
*** significant at 1 percent level
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5 . 2 . 2 .  Comparison of  a l l o c a t i v e  e f f i c i e n c y  index o f  farm 
i n p u t s  in the  PTP and non-PTP a r e a s .
As d i s cus s ed  in Sec t ion  5 . 1 ,  the a l l o c a t i v e  e f f i c i e n c y  
index of  farm i npu t s  p r e s e n t s  the  comparison of  margina l  
value p r o d u c t i v i t i e s  o f  i n p u t s  wi th t h e i r  r e s p e c t i v e
p r i c e s ,  i n d i c a t i n g  the  e f f i c i e n c y  of  t h e i r  u t i l i z a t i o n  of  
i n p u t s  in the  p roduc t i on  p r o c e s s .  The a l l o c a t i v e
e f f i c i e n c y  index of  i np u t s  and the  comparison between PTP 
and non-PTP a r ea s  were t e s t e d  s t a t i s t i c a l l y  for  t h e i r  
s i g n i f i c a n c e  wi th the  he l p  o f  the  " t "  t e s t  fo l l owi ng  the 
procedures  as d i s cus sed  in Chapter  3- The r e s u l t s  are  
p r es en t e d  in Tables 5 . 7 ,  5.8 and 5.S for  paddy,  soybeans 
and tobacco r e s p e c t i v e l y .
(a) Paddy p r od u c t i on .
The a l l o c a t i v e  e f f i c i e n c y  indexes  o f  the  f e r t i l i z e r  
and p e s t i c i d e  i np u t s  are  s i g n i f i c a n t l y  h igher  than 1 both 
in the PTP and the  non-PTP a r ea s  (Tables  5 .7 and 5 . 8 ) .  
This  i n d i c a t e s  t h a t  f e r t i l i z e r  and p e s t i c i d e  use for  paddy 
and soybeans in t he  two s e l e c t e d  a r ea s  a re  u n d e r u t i l i z e d  
and by i n c r e a s i n g  the  l e v e l  o f  t he se  i n p u t s ,  g ros s  income 
can be maximized.  In the  case  of  l a b o u r ,  t he  a l l o c a t i v e  
e f f i c i e n c y  index i s  s i g n i f i c a n t l y  lower than 1 in t he  two 
s e l e c t e d  a r e a s ,  i n d i c a t i n g  excess  use of  t h i s  i n p u t .
A comparison o f  a l l o c a t i v e  e f f i c i e n c y  index o f
f e r t i l i z e r  and l abour  fo r  paddy produc t i on  in t he  two
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selected areas is insignificantly different from each other 
at the 10 percent significance level. These findings 
suggest that the degree of efficiency of fertilizer and 
labour allocation in the two areas is about at the same 
level . For pesticides, the allocative efficiency index is 
significantly higher in the non-PTP area , suggesting that 
the degree of efficiency of pesticide allocation is greater 
in the PTP area.
(b) Soybean production.
The allocative efficiency indexes % of pesticides and 
labour are found to be significantly higher than 1 in both 
areas. This suggests that an increased use of these 
inputs, such as allocating more labour to land preparation, 
weeding and plant protection, would help in increasing the 
gross income, because for the average farm only few 
man-days were allocated to this activities.
Comparison of the allocative efficiency index for 
soybean production in the PTP and the non-PTP areas, 
indicates that the allocative efficiency index of labour is 
insignificantly different from each other at the 10 percent 
significance level. This suggests that the degree of 
efficiency of labour allocation in the two selected areas 
for soybean production is about at the same level. For 
pesticides, the allocative efficiency index is 
significantly higher in the non-PTP area, suggesting that 
the degree of efficiency of pesticides alllocation is
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greater in the PTP area .
(c) Tobacco production.
The allocative efficiency index of pesticides in the 
PTP area (-Rp.366.75) is significantly lower than 1, 
suggesting than an increase of one rupiah expenditure on 
pesticides would decrease gross income by Rp 366.75. This 
is not actually strange in the light of the previous 
discussion enumerated in Chapter 4. Superficially the 
above, indicates an over utilization of this input by 
farmers. However, due to the large standard errors, these 
results must be interpreted with caution. For labour, the 
allocative efficiency indexes in both areas are found to be 
significantly higher than indicating that an increase in 
the use of this input would help in increasing gross 
income.
Comparison of the allocative efficiency index of 
inputs between PTP and the non-PTP areas, indicates that 
for pesticides, the allocative efficiency index in the PTP 
areas is significantly lower, suggesting that the degree of 
efficiency of pesticide allocation is greater in the PTP 
area. Again, due to the large standard errors, these 
results must be interpreted carefully. However, for 
labour, the allocative efficiency index in the PTP area is 
significantly higher, suggesting that the degree of 
efficiency of labour allocation is greater in the non-PTP
area .
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5-3 Summary
Except for labour in paddy production and pesticides 
(PTP area) in tobacco production, the allocative efficiency 
indexes of inputs for paddy, soybean and tobacco production 
in the PTP and the non-PTP areas are significantly higher 
than indicating tiiat the allocation of inputs in both 
areas is underutilized, therefore, gross income can be 
increased by increasing the utilization of these inputs. 
The allocative efficiency index of labour in paddy 
production is significantly lower than 1 , indicating excess 
use of the labour input. As dicussed above, if the use of 
labour can be minimized and reorganized, such as allocating 
more labour to fertilizing, the result might be better. 
While in the case of pesticides in the PTP area for tobacco 
production, the allocative efficiency index is 
significantly lower than 1 and this input is wrongly used, 
therefore indicating that pest infestation is severe in the 
PTP area for tobacco production.
The comparison of the allocative efficiency index of 
inputs between PTP and non-PTP areas indicates that except 
for pesticides and labour (in tobacco production), the 
allocative efficiency indexes of farm inputs are 
insignificantly different from each other. This suggests 
that the degree of efficiency of input allocation in the
two selected areas is about at the same level. For
pesticides , the allocative efficiency index is
significantly higher in the non-PTP area, suggesting that
Page 114
the degree of efficiency of pesticides allocation is 
greater in the PTP area, while for labour in tobacco 
production, the allocative efficiency index is 
significantly higher in the PTP area, indicating that the 
degree of efficiency of labour allocation in tobacco 
production is greater in the non-PTP area . Therefore, 
there is greater scope for increasing the utilization of 
labour in the non-PTP area for tobacco production.
The many contradictions in the above results suggest 
that the impact of the terminal irrigation improvement to 
the efficiency of input allocation is not conclusively 
demonstrated, since the degree of efficiency of input 
allocation in the PTP and in the non-PTP area is generally 
not significantly different.
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CHAPTER 6
SUMMARY AND CONCLUSIONS.
The i n t e n s i f i c a t i o n  o f  t e r m i n a l  i r r i g a t i o n  f a c i l i t i e s  
whi ch began in  Taiwan now r e c e i v e s  c o n s i d e r a b l e  e m p h a s i s  
t h r o u g h o u t  S o u t h e a s t  As i an  c o u n t r i e s .  A t e r m i n a l  
i r r i g a t i o n  s y s t e m  i s  t h e  s m a l l e s t  u n i t  o f  an i r r i g a t i o n  
s y s t em which e x t e n d s  t h a t  i r r i g a t i o n  s y s t e m  and d r a i n a g e  
n e t wo r k  t o  p r o v i d e  w a t e r  d i r e c t l y  t o  i n d i v i d u a l  f i e l d s  o r  
s m a l l e r  a r e a s .  These  s y s t e m s  make i t  p o s s i b l e  f o r  f i e l d s  
t h a t  a r e  d i f f i c u l t  t o  i r r i g a t e  c o n v e n t i o n a l l y  t o  r e c e i v e  a 
r e l i a b l e  s u p p l y  o f  w a t e r ,  and f o r  f a r m e r s  who f o r m e r l y  
depended  on i r r i g a t i o n  w a t e r  wh i c h  moved o v e r  o t h e r  
f a r m e r s '  f i e l d s  t o  r e c e i v e  w a t e r  d i r e c t l y  f rom t h e  
a d d i t i o n a l  fa rm d i t c h e s  i n s t a l l e d  i n  t h e  s y s t e m .  Farm 
d r a i n a g e  d i t c h e s  a l s o  a l l e v i a t e  l o c a l i z e d  d e e p - w a t e r  
f l o o d i n g  .
In I n d o n e s i a ,  t h e  c o n s t r u c t i o n  and management  o f  t h e  
t e r m i n a l  i r r i g a t i o n  s y s t e m s  a r e  t h e  r e s p o n s i b i l i t y  o f  t h e  
f a r m e r s  t h e m s e l v e s .  However ,  due t o  some c o n s t r a i n t s ,  
m a i n l y  t h e  f a r m e r s  i n a b i l i t y  t o  s e t  o u t  c a n a l s  and 
s t r u c t u r e s  t o  t h e  c o r r e c t  l i n e s  and g r a d e s  and t h e i r
i n a b i l i t y  t o  f i n a n c e  t h e s e  w o r k s ,  t h e  r e h a b i l i t a t i o n  and
i mprovement  o f  t e r m i n a l  i r r i g a t i o n  s y s t e m s  h av e  n o t  been
e x e c u t e d  as  s m o o t h l y  a s  e x p e c t e d .  To o v e r c o me  t h i s
s i t u a t i o n ,  s i n c e  1974 ( i n  t h e  Second and T h i r d  F i v e  Year  
Deve l opment  P l a n ) ,  t h e  Government  ha s  u n d e r t a k e n  t h e
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rehabilitation and improvement of the irrigation systems 
covering about 2.6 million hectares or 65 percent of the 
total area of the national irrigation system, at a total 
cost of about $US 567 millions.
From a conceptual standpoint, the possibility of 
expanding irrigated production through more intensive 
terminal irrigation facilities has considerable appeal. 
The crucial issue is: To what extent does the
rehabilitation and improvement of terminal irrigation 
systems improve the adequacy of the water supply to 
individual fields, and the yields and crop production in 
the system ? Not much research on this issue has been done 
so far in I nd onesia, and it would seem important that more 
research be undertaken to determine the impact of the 
terminal irrigation facilities on agricultural performance. 
The present study is a step in that direction.
The present study has been undertaken in an area 
covered by the Mayang irrigation system which is located in 
Bondowoso Irrigation District, in Pekalen Sampean 
Irrigation Project, East Java. The Mayang irrigation 
system covers an area of about 9,000 ha and, like the most 
of the irrigation systems in Indonesia, from the period of 
World V/ar II until the late 1960s, the system deteriorated 
as a result of the virtual disappearance of regular 
maintenance. Rehabilitation on the main system was 
initiated in 1972, including the rehabilitation and 
improvement of weirs, major structures, canals, drains,
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minor s t r u c t u r e s  up to  the t e r t i a r y  o f f t a k e ,  and a 50 m 
s t r e t c h  of  t e r t i a r y  c a n a l s .  All t h i s  work was completed in 
1974.
In an e f f o r t  to  dem onst ra te  to  farmers  the  b e n e f i t s  o f  
the te rm ina l  i r r i g a t i o n  system, as p a r t  o f  the 
r e h a b i l i t a t i o n  programme, two P i l o t  T e r t i a r y  Demonstrat ion  
Units  (PTPs),  se rv ing  about  *00 ha each ,  were in t roduced  in 
the  area as p ro to ty p e s  of  t e r t i a r y  improvement. The 
purpose was to  demonst ra te  the  advantage o f  i n d i v i d u a l  
c o n t ro l  over the water  supply  by p rov id ing  each farmer with 
a small d i r e c t  channel  to  h i s  f i e l d .  Each farmer could 
tu rn  on the water  when needed and shut  i t  o f f  a t  o th e r  
t imes  without  s topp ing  the f low o f  water  to  the  farmers  
below who, t h e r e f o r e ,  do not have to  wai t  fo r  the  water  to  
f low through a l l  the  upper f i e l d s  be fo re  r each ing  t h e i r  
f i e l d s .  During the dry  season ,  when t h e r e  i s  a water  
sho r tage  the t e rm in a l  i r r i g a t i o n  system f a c i l i t a t e s  a more 
e q u i t a b l e  water  d i s t r i b u t i o n  w i th in  the  t e r t i a r y  u n i t  
th rough r o t a t i o n a l  water  d i s t r i b u t i o n  (Pas ten  sy s tem ) .
In an a t tempt  to  measure the impact o f  the  t e rm in a l  
i r r i g a t i o n  improvement on crop performance ,  a compara t ive  
approach has been used in t h i s  s tudy ,  comparing the  
improved and unimproved t e r t i a r y  u n i t s  t h a t  were cons ide re d  
s i m i l a r  (PTP and non-PTP a re a s )  . The da ta  were c o l l e c t e d  
in February 1980 by the survey  method th rough  a 
q u e s t i o n n a i r e  for  crop p l a n t in g  in the  wet season '978/79 
and dry season 1979. The sample c o n s i s t s  o f  25 farmers
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from each of  the s e l e c t e d  t e r t i a r y  u n i t s ,  and cover s  about  
15 p e r ce n t  of  t o t a l  farm owners.
The p r e sen t  s tudy  a t t empt s  to e v a l u a t e  the  impact  of  
t e rmi na l  i r r i g a t i o n  improvement on water  d i s t r i b u t i o n ,  
c ropping p a t t e r n ,  and cropping i n t e n s i t y .  I t  a l so  s t u d i e s  
the  s t r u c t u r e  of  inpu t  use and the  a g r i c u l t u r a l  o u t pu t  in 
the two s e l e c t e d  a r e a s .  The Cobb-Douglas p roduc t i on  
f unc t i on  was used in t h i s  s t udy ,  to  ana l yse  t he  i np u t s  
e l a s t i c i t i e s  and a l l o c a t i v e  e f f i c i e n c y  of  farm i n p u t s .
A comparison of  the t h i nk i ng  of^  farmers  about  the  
c o n d i t i o n  of  the t e rmi na l  i r r i g a t i o n  i n f r a s t r u c t u r e s  in the  
two s e l e c t e d  a r ea s  i n d i c a t e s  t h a t  t he  t e r m i n a l  systems were 
in a s u b s t a n t i a l l y  b e t t e r  c o n d i t i o n  in t he  PTP a r e a .  As 
shown in Table 3 . ^ ,  in the  PTP a r e a ,  more farms have a 
d i r e c t  i n t ake  from i r r i g a t i o n  channe l s  than in the  non-PTP 
a r e a .  However,  in the  non-PTP a r e a ,  the  t e r m i n a l  
i r r i g a t i o n  f a c i l i t i e s  were cons i de red  s u f f i c i e n t .  This 
c l e a r l y  c o n f l i c t s  wi th the common t h e o r y  t h a t  farmers  are  
i nc apab l e  of  or  unwi l l i ng  to execute  t he  r e h a b i l i t a t i o n  of  
the  system.
Another i n d i c a t o r  of  the  per formance o f  t e r m i n a l  
i r r i g a t i o n  r e h a b i l i t a t i o n  would be the  a v a i l a b i l i t y  o f  
i r r i g a t i o n  water  a t  the farm l e v e l .  Table 3*5 i n d i c a t e s  
t h a t  the problem of  water  shor t age  was an i s s ue  in the  dry 
season only ,  s i nce  dur ing  the wet season the  supply  o f  
water  was l i k e l y  t o  exceed the water  r equ i r ement  o f  paddy
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in both areas. In the dry season, however, farmers in the 
two selected areas indicated that the water supply was 
still sufficient at least for secondary crops. In the PTP 
area, 20 % of sampled farmers indicated that the water 
supply was also sufficient for paddy cultivation, the crop 
that require the most irrigation water, whereas only 8 
percent in the non-PTP area had an adequate water supply
for the padd y crop. Since the water supply from the
tertiary intakes to both areas can be considered to be
similar, this suggests that, to some extent, the
rehabilitation of the terminal system could achieve a 
considerable amount of water saving.
A comparison of cropping intensities between the two 
selected areas indicates that the cropping intensitiy was
remarkably high, averaging 3 crops per year , and there was
no difference between the PTP and the non-PTP areas
(Table 3.6). This could be because almost all of the
farmers grow the same crops, and even the same varieties, 
and the water supply was generally sufficient for the water 
requirement of those crops. However, a comparison of 
cropping patterns, presented in Table 3*6, shows that paddy 
was planted more widely in the PTP area than in the non-PTP 
area. This is consistent with the findings mentioned 
above, indicating a greater scope for improving the 
cropping system in the PTP area.
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To examine the impact o f  t e rm in a l  i r r i g a t i o n  
improvement on the  l e v e l s  of  i n p u t s  and o u t p u t ,  a 
comparison has been made between the  two s e l e c t e d  a rea s  for  
wet season paddy, and dry season soybean and tobacco 
p ro d u c t io n .  The dry  season paddy crop was not  inc luded  in 
the  comparison because only  a few farmers  sampled (5 in the  
PTP area  and 1 in the  non-PTP a rea )  grew t h i s  c rop .  The 
em pir ica l  ev idence i n d i c a t e s  t h a t  the  use o f  f e r t i l i z e r  i s  
h igher  in the PTP area  only  in paddy p ro d u c t i o n .  This  
sugges ts  the p o s s i b i l i t y  t h a t  in paddy p r o d u c t i o n ,  fa rmers
with b e t t e r water  d i s t r i b u t i o n  f ind  %a h ighe r r a t e o f
f e r t i l i z a t i o n  p r o f i t a b l e and do not regard i t  as an
i n t o l e r a b l e r i s k .  The use of  p e s t i c i d e i s  a l so h igher in
the  PTP area  fo r  paddy p ro d u c t io n ,  su g g e s t in g  t h a t ,  having 
made s i z e a b l e  inves tm en ts  in f e r t i l i z e r  i n p u t s ,  the  farmers  
did not h e s i t a t e  to  i n v e s t  f u r t h e r  in p e s t i c i d e  which was 
pa r t  o f  the improved te chnology  t h a t  the y  were beg inn ing  to  
adopt to i n c r e a s e  t h e i r  y i e l d . Eut fo r  soybeans and 
tobacco ,  the use of  f e r t i l i z e r  and p e s t i c i d e s  were not 
found to be s i g n i f i c a n t l y  d i f f e r e n t  from each o t h e r .  The 
use of  human labour  was observed to be h ighe r  in the  PTP 
area  than in the  non-PTP area  fo r  soybean p ro d u c t i o n .  
Since human labour  was the most im por tan t  inpu t  fo r  
soybeans in th e  a r e a ,  the h igher  labour  use i n d i c a t e d  a 
more i n t e n s i v e  crop  c u l t i v a t i o n .  For paddy and to b a cco ,  
the  use of  human labour  i s  g e n e r a l l y  h ighe r  in the  non-PTP 
area  than in the  PTP a r e a .  This su g g e s t s  the  p o s s i b i l i t y  
t h a t  in the non-PTP a rea  more e f f o r t  was r e q u i r e d  in land
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p r e p a r a t i o n  because p r e s a t u r a t i o n  was only  p a r t i a l l y  
comple ted ,  and more e f f o r t  was needed for  on-farm water 
d i s t r i b u t i o n  to  enable  the  small  q u a n t i t i e s  o f  water to  be 
spread  a c ro s s  the  e n t i r e  a rea  in tended fo r  i r r i g a t i o n .  
More labour  was a lso  r e q u i r e d  for  weeding to c o u n t e r a c t  
weed growth t h a t  would be c o n t r o l l e d  n a t u r a l l y  th rough  
deeper f lo o d in g  dep ths  i f  i r r i g a t i o n  water were more 
a b u n d a n t .
D raf t  an imals  were on ly  used for  land p r e p a r a t i o n ,  
t h e r e f o r e  , -only fo r  paddy and tobacco c u l t i v a t i o n .  The use 
o f  d r a f t  an imals  per h e c t a r e  was not found to  d i f f e r  
s i g n i f i c a n t l y  between the  two s e l e c t e d  a r e a s .
So f a r  as the  y ie ld  i s  conce rned ,  t h e r e  was a big 
d i f f e r e n c e  in the  per h e c t a r e  y i e ld  between the  PTP and the 
non-PTP a r e a s .  Farmers in the  PTP were g e t t i n g  650, *66
and 4*10 a d d i t i o n a l  k i log ram s  o f  paddy, soybeans and tobacco  
r e s p e c t i v e l y ,  compared to  the farmers  in the  non-PTP a r e a s .
From the  above d i s c u s s i o n ,  the  r e h a b i l i t a t i o n  o f  the 
t e rm in a l  i r r i g a t i o n  f a c i l i t i e s  r e s u l t e d  in an i n c r e a s e  in 
p roduc t ion  and inpu t  u s e .  An a t tem p t  has a l so  been made to  
de te rmine  to  what e x t e n t  t h i s  i n c r e a s e  could be a t t r i b u t e d  
d i r e c t l y  to  th e  t e rm in a l  i r r i g a t i o n  improvement.  To 
i n v e s t i g a t e  t h e s e  q u e s t i o n s ,  a p roduc t ion  f u n c t io n  model 
was c o n s t r u c t e d  with y i e ld  per h e c t a r e  as the  dependent  
v a r i a b l e .  The independen t  v a r i a b l e s  were the  per  h e c t a r e
e x p e n d i tu r e s  o f  f e r t i l i z e r ,  p e s t i c i d e s ,  and man-days o f
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labour (included draft animal) . A dummy variable was
introduced for improved irrigation (PTP area) , and
indicated the effect of irrigation on the level of
production. The empirical evidence indicated that the 
fertilizer and labour variables were the most important 
variables in explaining paddy production. For soybeans and 
tobacco, labour was the only important variable in both 
areas. Pesticides were not important in the production 
process of any crops. The hypothesis that terminal 
irrigation improvement increased production through a 
neutral shift was only confirmed for tobacco production, 
while the production of paddy and soybeans was inconsistent 
with this hypothesis.
The hypothesis that terminal irrigation improvement 
affects production through changes in input elasticities 
was not successfully proved since the yield responses of 
fertilizer, pesticides (except in tobacco) and labour used 
was not significantly different from each other in PTP and 
Non-PTP areas. The finding suggested that the increase in 
paddy and soybeans production might simply be due to the 
greater use of fertilizer and labour per hectare for paddy 
and soybeans. Eut in the dry season, when a shortage of 
water occurs, the improvement of terminal irrigation 
becomes more important, especially for the crops that
require a lot of water, such as tobacco.
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The impac t  o f  t he  t e r m i n a l  i r r i g a t i o n  on t h e  f a r m ' s  
o u t p u t  and i n p u t  use  needs  t o  be i n t e r p r e t e d  c a r e f u l l y .  I t  
e n t e r s  t he  p r o d u c t i o n  f u n c t i o n  d i r e c t l y  t h r o u g h  t h e  PTP 
a r e a  (dummy),  and i n d i r e c t l y  t h e  i nduced  i n c r e a s e  in i n p u t  
l e v e l s  ( i n  t o b a c c o  p r o d u c t i o n ) .  The PTP a r e a  (dummy) may 
be p i c k i n g  up t h e  a r e a  d i f f e r e n c e s  o t h e r  t han  i r r i g a t i o n  
d i f f e r e n c e s .
P r o d u c t i o n  f u n c t i o n s  were a l s o  f i t t e d  t o  s t u d y  t he  
a l l o c a t i v e  e f f i c i e n c y  o f  farm i n p u t s .  The a l l o c a t i v e  
e f f i c i e n c y  index was used in t h e  s t u d y ,  and i s  p r e s e n t e d  as 
t h e  r a t i o  o f  t h e  m a r g i n a l  va l ue  p r o d u c t i v i t y  o f  i n p u t s  t o  
t h e i r  r e s p e c t i v e  p r i c e s ,  i n d i c a t i n g  t h e  e f f i c i e n c y  o f  t h e  
u t i l i z a t i o n  o f  i n p u t s  in t h e  p r o d u c t i o n  p r o c e s s .  The 
a l l o c a t i v e  e f f i c i e n c y  i n d e x e s  o f  i n p u t s  f o r  paddy,  soybean 
and t ob a c c o  p r o d u c t i o n  in t h e  two s e l e c t e d  a r e a s  i n d i c a t e d  
t h a t  e x c e p t  f o r  l ab o u r  in paddy p r o d u c t i o n  and p e s t i c i d e s  
(PTP a r e a )  in t ob a c c o  p r o d u c t i o n ,  t h e  a l l o c a t i v e  e f f i c i e n c y  
i n d e x e s  o f  i n p u t s  were s i g n i f i c a n t l y  h i g h e r  t han  These 
f i n d i n g s  s u g g e s t  t h a t  i n p u t s  in t h e  two s e l e c t e d  a r e a s  were 
u n d e r u t i l i z e d ,  t h e r e b y ,  i n d i c a t i n g  scope  f o r  i n c r e a s i n g  
g r o s s  income by i n c r e a s i n g  t h e  u t i l i z a t i o n  o f  t h e s e  i n p u t s .  
The a l l o c a t i v e  e f f i c i e n c y  i ndex o f  l a b o u r  i n  paddy 
p r o d u c t i o n  was s i g n i f i c a n t l y  lower  t han  I, s u g g e s t i n g  
t h e r e b y  an e x c e s s  use  o f  l a b o u r .  As ment ioned  in Chap t e r  
5,  t h e  e x c e s s  use o f  l a b o u r  in paddy p r o d u c t i o n  may be 
be c a u s e  f a r m e r s  remain bound t o  t h e  t r a d i t i o n a l  s y s t e m,
where paddy p r o d u c t i o n  was r e g a r d e d  as  a s ou r c e  o f
Page 12*J
employment o p p o r tu n i ty  and wealth  for  the  community. 
However in the case of  p e s t i c i d e s  for  tobacco p roduc t ion  in
the  PTP area  , the a l l o c a t i v e  e f f i c i e n c y  index was much
lower than ' . As d i s cu s s ed b e f o r e , t h i s might have
happened because the  p e s t i c i d e s were app l ied to "cure"
r a t h e r than to " p rev en t"  pes t i n f e s t a t i o n  for t h i s c r o p ,
t h e r e f o r e  i n d i c a t i n g  t h a t  pes t  i n f e s t a t i o n  was more seve re  
in the PTP a r e a .
The comparison of  the  a l l o c a t i v e  e f f i c i e n c y  index of  
in p u t s  between PTP and fo r  PTP a rea s  on paddy, soybean and 
tobacco production  sugges t  t h a t ,  except  fo r  p e s t i c i d e s  
i n p u t ,  for  which the  a l l o c a t i v e  e f f i c i e n c y  index i s  
g e n e r a l l y  h igher  in the non PTP a r e a ,  and labour  in tobacco 
p ro d u c t io n ,  for  which the a l l o c a t i v e  e f f i c i e n c y  index i s  
a l so  highe r in the non-PTP a r e a ,  the a l l o c a t i v e  e f f i c i e n c y  
indexes of  inpu t s  in the  two s e l e c t e d  a rea s  were g e n e r a l l y  
s i m i l a r .  This s u g g es t s  t h a t  the degree o f  e f f i c i e n c y  o f  
in pu t  a l l o c a t i o n  in the  two s e l e c t e d  a rea s  were a t  about  
the same leve] .
The fo l lowing c o n c lu s io n s  can be made based on the 
summary above and the c o n d i t i o n s  under which the  su rvey  was 
c a r r i e d  o u t .  The r e l e v a n t  c o n d i t i o n s  are the  p h y s ic a l  and 
t e c h n i c a l  co n d i t io n  o f  i r r i g a t i o n  systems in the  survey  
area  which may be assumed to  be c o n s i d e r a b ly  b e t t e r  than 
many o the r  systems in Java a t  p r e s e n t .
(a)  The assumption t h a t  fa rmers  are inc apab le  and u n w i l l i n g  
to execute the r e h a b i l i t a t i o n  o f  the  t e rm in a l  system
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needs to be double checked.  S evera l  au th o rs  have drawn 
a t t e n t i o n  to  cases  where farmers  were r e l u c t a n t  to 
p a r t i c i p a t e  in proposed on-farm water  management 
because the  main i r r i g a t i o n  systems s e rv in g  them were 
not p rov id ing  dependable s u p p l i e s  (Wickham and Valera 
1979:69; Duncan 1979:191).  I t  i s  u n r e a l i s t i c  to  
expect  farmers to p a r t i c i p a t e  in t e rm in a l  i r r i g a t i o n  
a c t i v i t i e s  as i n d i v i d u a l s  or as members o f  g roups ,  
un le ss  they b e l i e v e  t h e i r  p a r t i c i p a t i o n  v a i l  b e n e f i t  
them. This s tudy  has i l l u s t r a t e d  t h a t  a f t e r  the 
complet ion o f  the  r e h a b i l i t a t i o n  o f  the main i r r i g a t i o n  
system, farmers  do not h e s i t a t e  to  r e h a b i l i t a t e  t h e i r  
te rm in a l  sys tems .  Even though th e  works might not  be 
of  a high t e c h n i c a l  s tandard  the  t e rm in a l  system was 
cons idered  s u f f i c i e n t  to  a l l o c a t e  water  to  the
i n d i v id u a l  farm.
(b) In the wet s ea son ,  d i f f e r e n c e s  in the  t e rm in a l  
i r r i g a t i o n  q u a l i t y  were not found to  be s i g n i f i c a n t l y  
r e l a t e d  to the  d i f f e r e n c e s  in paddy y i e l d ,  because  fo r  
most of  the  season water  s u p p l i e s  were s u f f i c i e n t  for  
paddy requ i rem en ts  .
(c) In the dry s ea s o n ,  the  improvement o f  the  t e rm in a l  
systems become more c r u c i a l  in t h a t  :
1. The improvement o f  the t e rm in a l  i r r i g a t i o n  system 
could ach ieve  an in c re a s e  in ac reage  p la n te d  to  
padd y .
2. In tobacco p ro d u c t io n ,  d i f f e r e n c e s  in t e rm in a l  
i r r i g a t i o n  q u a l i t y  were s i g n i f i c a n t l y  r e l a t e d  to  the
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d i f f e r e n c e s  in t o b a c c o  y i e l d .
Whereas  t he  b e n e f i t s  o f  t h e  t e r m i n a l  s y s t e m,  
e s p e c i a l l y  f o r  d r y  s e as on  c r o p s ,  a r e  g e n e r a l l y  c o n s i s t e n t  
wi t h  t he  r e s u l t s  o f  a r e c e n t  s t u d y  by Ta y l o r  e t  a l  (1979)  
and s t a t i s t i c a l l y  r e l i a b l e ,  t h e  o bs e r ve d  r e s u l t s  a r e  
p r e l i m i n a r y  and r a t h e r  t e n t a t i v e .  I t  a p p e a r s ,  t h e r e f o r e ,  
t h a t  t h e  i n t e r p r e t a t i o n  o f  t he  r e s u l t s  s hou l d  be c a u t i o u s l y  
c o n s i d e r e d .  G e n e r a l i z a t i o n s  a t  t h e  moment a r e  not  
d e d u c i b l e  due t o  t h e  l i m i t e d  n a t u r e  o f  t h e  d a t a  and t he  
met hodo l ogy .
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APPENDIX A - 1. DATA SUMMARY OF PADDY PRODUCTION.
Sample Dummy Farm F e r t i l i z e r P e s t i c i d e Labour D r a f t
Number v a r i a b l e Si ze an im a l
( 1) (ha ) (R p /ha ) ( R p / h a ) ( d a y /h a ) ( d a y / h a )
0 1 1 0.35 33000 0 1757 0 9 0 .0 23
02 1 0 .50 28000 0 1800 0 8 9 .2 12
03 1 0 .90 30444 04444 122.2 13
04 1 0. 18 29167 05556 115.0 17
05 1 0.35 3 107 1 11429 157. 1 26
06 1 2 .00 31350 05000 07C.5 19
07 1 0.53 24764 0232 1 099.  1 15
08 1 0.35 31786 057 14 120.0 11
09 1 0. 12 40833 03542 14 1.7 67
10 1 0 .5 0 29400 0 1800 0 9 0 .0 28
11 1 0.25 43800 02600 142.0 16
12 1 0.75 25667 0 1000 07 9 .3 16
13 1 1.00 15840 02600 102.0 12
14 1 0.53 25283 0 1160 09 6 .2 15
15 1 0.70 3 1000 01286 122.9 17
16 1 0.50 26800 03000 07 6 .0 12
17 1 1.00 30 150 04000 056 .5 20
18 1 0.50 17 100 0 1800 080.  C 16
19 1 0.35 30686 0157 1 100.0 11
20 1 0. 18 38889 0000 1 113.9 28
21 1 1.00 22750 05000 06 8 .0 20
22 1 0.25 16800 02600 134.0 16
23 1 1.00 20700 04000 0 7 0 .0 08
24 1 0 .5 0 13400 0000 1 08 0 .0 04
25 1 0.25 22000 06000 120.0 24
26 0 0.35 19 143 02 143 082 .9 17
27 0 0.50 34000 0000 1 0 7 7 .0 20
28 0 1.00 25500 05000 076 .5 02
29 0 0.50 20400 0000 1 129.4 36
30 0 1.00 24900 02025 123.0 24
31 0 0.35 22429 0 17 14 172.9 34
32 0 1.00 22750 00300 090 .5 17
33 0 2.00 18700 02600 0 9 2 .0 11
34 0 0.35 17500 01857 137. 1 11
35 0 0.75 24267 0000 1 104.0 13
36 0 0.50 22400 0000 1 104.0 12
37 0 0.25 18760 01000 0 8 0 . C 15
38 0 0.35 23643 01857 077.  1 11
39 0 1.00 30000 07250 122.3 10
40 0 0.50 26400 03000 07 8 .0 16
4 1 0 0.75 22780 04667 131.3 19
42 0 1.00 19250 0 1750 110.0 16
43 0 1.50 21000 02400 105.3 19
44 0 0. '8 186 11 036 1 1 088 .9 11
45 0 2.00 22000 03000 06 7 .0 10
46 0 0.70 2 3786 0 1857 117. i 24
47 0 0.25 13200 0000 1 119.2 16
48 0 0.50 047 10 01000 1 10.0 20
49 0 1.00 26800 02500 124.0 20
50 0 1.40 3 1464 0000 1 092 .9 14
(1 )  D = 1, i f  the  i t e m  b e lo n g s  t o  PTP a r e a ,  o t h e r w i s e  D = 0
Y i e l d
( k g /h a )
82 I 1! 
6000 
8778 
7222 
6286 
7975 
3962 
57 14 
8750 
7000 
8800 
5600 
5000 
5660 
6000 
6000 
4000 
5000 
5714 
5556 
5000 
4000 
3200 
3200 
4000 
5 143 
5500 
6000 
4200 
6000 
7143 
6000 
5945 
6000 
5333 
5400 
5000
5 143 
7000 
5200 
4333 
4800 
4800 
4556 
4000
6 143 
4000 
3400 
4000 
5357
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APPENDIX A -2 .  DATA SUMMARY OF SOYBEAN PRODUCTION.
Sample Dummy Farm F e r t i l i z e r P e s t i c i d e Labour D r a f t Y i e l d
Number v a r i a b l e
(1 )
Si ze 
(ha) ( R p /h a ) ( R p / h a ) ( d a y / h a )
an im a l  
( d a y / h a ) ( k g / h a )
0 1 1 0.35 0000 1 04029 052 .3 00 0857
02 1 0.50 0000 1 04000 04 6 .0 00 1160
04 1 0 .  :g 0000 1 0 1389 036 . 1 00 0833
05 1 0.35 02000 0357 1 118.6 00 1143
06 1 2.00 0000 1 08250 04 3 .0 00 1650
07 1 0.53 0000 1 04642 0 18. 1 00 0377
08 1 0 . 3 5 05357 057 14 065 .7 00 057 1
09 1 0. 12 17500 054 17 09 1.7 00 1708
1 1 1 0.25 0000 1 c ^3 00 0 5 6 . C 00 0600
12 1 0.75 0000 1 08000 039 .6 00 0533
13 1 1.00 0000 1 0 1 3 0 0 048 .5 00 0600
14 1 0.53 0000 1 0 1189 035 .8 00 0802
15 1 0.70 COCO 1 0 1500 03 0 .0 00 0857
16 1 0.50 0000 1 02857 07 1.8 00 1286
17 1 1 . 00 0000 1 04000 6 3 4 . 5 00 0750
19 1 0.35 06429 017 14 042 .9 00 1143
2 1 j 1.00 0000 1 04000 0 3 4 .0 00 1200
23 1 1 . 00 0000 1 09500 074 .0 00 1200
24 1 0.50 020 10 0000 1 05 2 .0 00 0600
25 1 0.25 04020 0 1800 0 3 6 .0 00 0 8 4 0
26 0 0.35 0000 1 0000 1 03 1. 4 00 0571
27 0 0.50 0000 1 0000 1 02 9 .0 00 0400
28 0 1.00 0000 1 02500 02 7 .0 00 0800
29 0 0.50 0000 1 0000 1 075 .0 00 1200
30 0 1.00 0000 1 09000 03 3 .0 00 0600
31 0 0.35 0000 1 0 1 9 2 9 034 .6 00 07 14
32 0 1.00 0000 1 04000 0 4 8 .0 00 0800
3*» 0 0.35 0000 1 0 1857 0 2 0 .0 00 0 9 0 0
35 0 0.75 0000 1 02800 028 .0 00 0800
36 0 0.50 0000 1 03000 08 0 .0 00 0 9 0 0
37 0 0.25 0000 1 02000 04 0 .0 00 0800
38 0 0.35 0000 1 C1571 03 1.4 00 0 4 2 9
39 0 1 .00 0000 1 00500 036 .5 00 0800
40 0 0.50 0000 1 05000 02 2 .0 00 0800
4 1 0 0.75 0000 1 03067 023 .3 00 0480
42 0 1.00 0000 1 02000 0 7 1 . 0 CO 1000
43 0 1.50 0000 1 0000 1 043 .3 00 1000
44 0 0. 18 0000 1 05000 O 3 3 . 3 00 0889
45 0 2 .0 0 0000 1 02500 0 1 5 .2 00 0350
46 0 0.70 0000 1 02643 035 .7 00 0946
47 0 0.25 0000 1 0000 1 0 7 8 .0 00 0600
48 0 0.50 0000 1 10000 01 6 .0 00 0500
49 0 1.00 0000 1 05000 0 5 8 .0 00 1000
50 0 1 .40 0000 1 04286 037 .9 00 1426
(1)  D = 1, i f  the  i t em  b e lo n g s  t o  PTP a r e a ,  o t h e r w i s e  D = 0.
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APPENDIX A - 3 . DATA SUMMARY OF TOBACCO PRODUCTION.
Sample Dummy Farm F e r t i l i z e r P e s t i c i d e Labour D r a f t Y i e l d
Number v a r i a b l e S ize an im a l
( 1) ( h a ) (Rp /ha) ( R p / h a ) ( d a y / h a ) ( d a y / h a ) ( k g / h a )
0 1 1 0 .35 37286 00857 147. 1 23 21 14
02 1 0 .50 14000 0000 1 189.0 16 1800
03 1 0 .9 0 27044 05889 169. 1 16 1778
04 1 0. 18 91111 0000 1 216 .7 17 2944
05 1 0.35 32857 02857 120. C 34 17 14
06 1 2 .0 0 50000 00375 107.5 08 1150
07 1 0 .5 3 67075 0000 1 232 .6 38 2377
08 1 0 .3 5 39643 0000 1 135.7 11 2857
09 1 0. -2 23333 OCOO 1 096 .7 16 2167
10 1 0 .50 24000 02000 142.0 08 2400
11 1 0 .2 5 38600 OCOO 1 2 0 8 .0 20 2800
12 1 0.75 32000 0000 1 099.  1 11 1200
13 1 1.00 45600 0000 1 128.0 16 2200
14 1 0 .53 198 1 1 OCOO 1 088 .7 15 2208
15 1 0 .70 2857 1 0000 1 125.7 1 1 1357
16 1 0 .5 0 20000 0000 1 050 .8 08 1200
17 1 1.00 14000 0000 1 0 4 0 .0 13 1236
18 1 0 .5 0 21400 0000 1 05 4 .0 30 2200
19 1 0.35 5 1429 17143 09 1.4 14 1857
20 1 0. T8 5 1667 04445 142.8 16 1944
21 1 1.00 54200 02000 11 1.0 12 1600
22 1 0 .25 43360 0 *300 120.0 20 1600
23 1 1.00 43500 0 3 0 0 0 152.0 18 1700
24 1 0 .50 25000 0 1 7 5 2 0 6 2 .0 04 1000
25 1 0 .2 5 28000 12800 1 16.0 08 1200
26 0 0 .3 5 16200 0 107 1 097.  1 17 0857
27 0 0 .50 60800 0000 1 124.0 14 2400
28 0 1.00 19500 02500 0 6 2 .0 04 1000
29 0 0.5C 07000 0000 1 181.0 18 1400
30 0 1.00 63500 0000 1 150.0 36 1200
31 0 0 .35 60 143 0000 1 372 .9 37 1903
32 0 1.00 42 10C 0000 1 189.0 22 1600
33 0 2 .00 3 00 00 05000 15 1.0 20 2000
34 0 0 .3 5 28286 0 1429 07 4 .3 14 137 1
35 0 0 .7 5 44500 0000 1 2 8 4 .0 27 1667
36 0 0 .5 0 10500 01250 144.0 44 2300
37 0 0.25 40000 0000 1 0 7 2 .0 16 0800
38 0 0 .3 5 34286 007 14 102.9 11 0857
39 0 1.00 44750 0 1500 199.0 27 2000
40 0 0 .50 27200 0000 1 128.0 24 1200
4 1 0 0.75 32807 03333 0 7 4 .0 13 1067
42 0 1.00 43200 00600 09 1.5 03 1200
43 0 1.50 40800 0000 1 085.  1 17 1333
44 0 0. 18 27778 0000 1 155.6 11 1333
45 0 2 .0 0 18750 05250 118.0 08 1000
46 0 0 .70 4657 1 0857 1 267.  T 11 1714
47 0 0 .25 14000 0000 1 154.0 16 1200
48 0 0 .50 16700 0000 1 132.0 32 1200
49 0 1.00 23700 0000 1 123.5 20 1200
50 0 1.40 65535 007 12 2 10.7 29 1786
(1 )  D = 1, i f  t h e  i t e m  b e lo n g s  t o  PTP a r e a ,  o t h e r w i s e  D = 0.
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APPENDIX A - 4 .
DATA SUMMARY OF LAECUR PER HECTARE USED IN PADDY PRODUCTION.
Sample Dummy N u rse ry  Land T r a n s -  Weeding F e r t i -  P l a n t  Water  T o t a l
number v a r i a -  bed p r e p a -  p l a n t i n g  l i z i n g  p r o t e c -  c o n t r o l  l a b o u r
a b le  r a t i o n  t i o n
( 1 )  (days )  (days )  (days )  (days)  (days )  (day s )  (days )  (days )
0 1 1 11. 4 17. I 22. 9 22. 0 01. 4 02. 9 11. 4 090. 0
02 1 08. 0 12. 0 18. C 40. 0 02. 0 02. C 07. 0 089. 2
03 1 13. 5 13. ? 27. 2 50. 0 04 . 4 04 . 4 08. 9 122. 2
Oil 1 15. 6 11. f 45. 6 22. 2 02. 8 11. 1 06. 6 115. 0
05 1 08. 6 22. 8 28. 6 78. 6 05. 7 06. 4 06. 4 157. 1
06 1 07. 5 10. 0 20. 0 22. 5 01. 5 03. C 06. 0 070. 5
07 1 12. 7 15. « 18. 9 37. 8 04 . 7 02. 8 07. * 099. 1
08 1 12. 9 17. 1 22. 9 44. 3 05. 7 04 . 3 12. 8 120. 0
09 1 18. "3 15. 3 41. 7 08. ? 16. 08. 9 08. 5 14 1. 7
10 1 12. 0 12. 0 24. 0 30. 0 02. 0 02. 0 08. 0 090. 0
11 1 18. 0 10. 0 40. 0 40. 0 16. 0 04 . 0 14. 0 142. 0
12 1 10. 0 06. 7 17. 3 33. 3 02. 0 02. 0 08. 0 079. 3
13 1 12. 0 08. 0 22. c 48. 0 04 . c 02. 0 06. 0 102. 0
14 1 11. ■2 15. « 28. 3 32. 1 0 1 . 9 01. 9 05. 6 096. 2
15 1 11. 4 16. 9 35. 7 34. •2 08. 3 02. 0 1 1. 4 122. 9
16 1 08.,0 12. 0 20. 0 24. 0 02.,0 02. 0 08.,0 076. 0
17 1 06.,0 05. 5 12.,0 22.,0 03-,0 02. 0 06. 0 056. 5
18 1 12.,0 08. 0 24. 0 24.,0 02.,0 02.,0 08.,0 080. , 0
19 1 09.,0 15.,0 27.,0 25.,0 06.,0 06.,0 12.,0 100. , 0
20 1 08.i 3 16.,7 30.,5 4 1..7 05.,6 00.,0 11. 113.,9
2 1 1 03.,0 16.,0 22..0 16.,0 0 1..0 02.,0 08.,0 068.,0
22 1 18., c 16.,0 20., 0 42..0 15..0 13., 0 10., 0 134. , 0
23 1 05.,0 08.,0 20., 0 24.,0 02..0 03..0 08.,0 070. , 0
24 1 14 ,.0 12..0 16.. 0 24,.0 08..0 00 . 0 06,.0 080. ,0
25 1 16,.0 10..0 25..0 24,.0 19..0 04 ,.0 12,. 0 120. , 0
26 0 12,.0 1 2 .. 0 15.. 0 22,.9 06,. 0 03, . 0 1 2 ,. 0 082..9
27 0 04 ,.0 18.. 0 2 0 ,.0 24 ,.0 07,. 0 0 0 .  0 04 ,. 0 077, . 0
28 0 0 3 ..0 04. . 0 18,. 0 38,.0 04, . 0 04 ,. 0 05,.5 0 7 6 ,.5
29 0 07,.0 36,. 0 32,.4 42,. 0 06, . 0 0 0 ,. 0 06,. 0 129,.4
30 0 05,. 0 1 2 ,.0 42,. 0 48,. 0 06,. 0 0 2 ,. 0 08,. 0 123,. 0
31 0 16,. 0 36,. 0 40,.9 48,. 0 06, . 0 08,.0 18,. 0 1 7 2 ,.9
32 0 05,.0 15,.0 2 0 .0 38,.0 06 .0 02,.5 04,.0 090,, 5
33 0 04 ,.5 07,.5 36,.0 36,.0 02,.0 0 1 .0 05,.0 092,.0
34 0 19 .0 2 2 ,.0 28,.0 46 .0 06,.0 03,.0 13 . 1 137,
*
35 0 06 .0 18,.0 2 0 ,.0 43 .0 09 .0 00,.0 08 .0 104,.0
36 0 13 .0 06,.0 24 . 0 50 .0 0 2 .0 00 .0 09 .0 104,.0
37 0 08 .0 12 .0 16 .0 24 .0 04 .0 04 .0 12 .0 080 .0
38 0 08 . 0 11 . 0 17 . 0 27 . 1 03 . 0 03 .0 08 . 0 077 1
39 0 14 .5 14 .5 29 . 0 45 . 0 03 0  1 .5 14 .5 122 _ 2
40 0 06 . 0 16 . 0 2 0 . 0 24 . 0 06 .0 0 2 .0 04 . 0 078 . 0
4 1 0 17 . 0 27 . 0 2 0 . 0 54 . 0 04 . 0 04 . 0 05 131 .3
42 0 07 . 0 2 0 . 0 24 . 0 45 . 0 0 2 . 0 0 2 . 0 10 . 0 1 10 . 0
43 0 04 . 0 16 . 0 2 0 . 0 45 .0 07 . 0 07 . 0 06 .3 105 i 3
44 0 10 . 0 10 . 0 10 . 0 30 . 0 05 . 0 05 . 0 18 .9 088 .9
45 0 .06 . 0 10 . 0 16 . 0 25 . 0 04 .5 0 1 . 0 04 .5 067 . 0
46 0 19 . 0 14 . 0 25 . 0 47 . 0 03 . 0 0 2 . 0 07 . 1 117 . 1
47 0 08 . 0 2 0 . 0 28 . 0 34 . 0 07 . 2 0 0 . 0 2 2 . 0 119 . 2
48 0 10 . 0 30 . 0 24 . 0 40 . 0 03 . 0 0 1 . 0 0 2 . 0 1 10 . 0
49 0 16 . 0 12 . 0 3C . 0 52 . 0 0  1. 0 0  1 . 0 12 . 0 124 . 0
50 0 12 . 0 15 . 0 2 0 . 0 36 .9 03 . 0 0 0 . 0 06 . 0 0 9 2 .9
( 1) D = 1, i f  t he  i tem  be longs  t o  PTP a r e a ,  o t h e r w i s e  D = 0.
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APPENDIX A-5.
DATA SUMMARY CF LABOUR PER HECTARE USED IN SOYBEAN PRODUCTION.
Sample Dummy Land
number va r i a - - p r ep a ­
r a t i o n
( 1) ( days)
0 1 1 04 . 3
02 1 04 .0
04 1 05.6
05 1 11.4
06 1 0 0 . 0
07 i 0 0 . 0
08 1 05.7
09 1 0 0 . 0
1 1 1 00 .0
12 1 06.9
13 1 0 0 . 0
14 1 0 0 . 0
15 1 0 0 . 0
16 1 00.  C
17 1 04.5
19 1 0 0 . 0
21 1 0 0 . 0
23 1 1 0 . 0
24 1 04 . 0
25 1 0 0 . 0
26 0 0 0 . 0
27 0 0 0 . 0
28 0 0 0 . 0
29 c 0 0 . 0
30 0 0 0 . 0
31 0 0 0 . 0
32 0 0 0 . 0
3 *» 0 0 0 . 0
35 0 0 0 . 0
36 0 0 0 . 0
37 0 0 0 . 0
38 0 0 0 . c
39 0 0 0 . 0
40 0 08 . 0
4 1 0 0 0 . 0
42 0 0 0 . 0
43 0 0 0 . 0
44 0 0 0 . 0
45 0 0 0 . 0
46 0 0 0 . 0
47 0 0 0 . 0
48 0 0 0 . 0
49 0 0 0 . 0
50 0 0 0 . 0
( 1) D = 1, i f t he  i tem
P l a n ­
t i n g
Weeding F e r t  i 
l i z i n g
(days ) ( d a y s ) ( days )
11.4 22 . 9 0 0 . 0
16.0 2 0 . 0 00 . 0
11.1 05 . 6 0 0 . 0
28 . 6 26 . 4 04 . 3
16.0 2 0 . 0 00 . 0
03 . 8 09 .4 00 . 0
20.  C 23 . 7 02 . 0
2 5 . 0 2 5 . 0 08.3
2 0 . 0 2 0 . 0 00 . 0
0 5 . 0 2 0 . 0 00 . 0
15.0 2 5 . 0 00 . 0
15. 1 15.0 00 . 0
05 . 7 10.0 00 . 0
24 . 3 2 2 . 0 00 . 0
12.0 12.0 00 . 0
12.9 18.0 03 . 0
16.0 12.0 00 . 0
16.0 2 5 . 0 00 . 0
12.0 2 0 . 0 0 2 . 0
12.0 12.0 04 . 0
10.4 0 9 . 0 00 . 0
16. C 0 8 . 0 00 . 0
0 8 . 0 0 8 . 0 00 . 0
4 4 . 0 2 7 . 0 00 . 0
0 6 . 0 10.0 0 0 . 0
16.6 0 6 . 0 00 . 0
10.0 2 0 . 0 00 . 0
09 . 0 0 3 . 0 00 . 0
06.  C 15.0 0 0 . 0
2 4 . 0 2 4 . 0 00 . 0
12.0 12.0 00 . 0
16.4 0 6 . 0 00.  c
09 . 0 18.0 00 . 0
00 . 0 0 0 . 0 00 . 0
0 6 . 0 13.3 00 . 0
18.0 32 . 0 00 . 0
16.0 13- 3 00 . 0
15.3 00 . 0 00 . 0
10.0 0 0 . 0 00 . 0
0 9 . 0 0 6 . 0 00 . 0
32 . 0 2 0 . 0 00 . 0
10.0 0 0 . 0 00.  c
24 . 0 2 4 . 0 00 . 0
12.0 0 8 . 0 00 . 0
b e l o n g s  t o  PTP a r e a ,
P l a n t  Water T o t a l  
p r o t e c -  c o n t r o l  l abou r  
t i o n
( d a y s ) ( days ) ( days)
08. 6 05. ♦ 052.
02. 0 04 . 0 046. 0
02. 8 11. 0 036. *
15. 7 22. 2 118. 6
03. 0 04 . 0 043. 0
0 1. g 03. 0 0 18. 1
05. 7 08 . 6 065. 7
08. 4 25. 0 09 1. 7
04. 0 12. 0 056. C
06. 0 0 1 . 6 039. 6
00. 5 08. 0 048. 5
01. 9 03. 8 035. 8
05. 7 08. 6 030. ,0
13. 7 11.,9 07 1.,8
02. ,0 04.,0 034. ,5
06. ,0 03.,0 042. .9
02. ,C 04 .,0 034. ,0
09. , 0 14.,0 074. ,0
04 .,0 08.,0 052. .0
04 .,0 04 ..0 036..0
03.,0 09., 0 031. .4
0 0 ., 0 05., 0 029..0
03.,0 08.,0 027..0
00..0 04 ,.0 075,.0
08..0 09,.0 033,.0
06,.0 06,.0 034,.6
08,. 0 08,. 0 048 .0
03,.0 05 .0 020 .0
01 .0 06 . 0 028 .0
16 .0 16 .0 080 .0
04 .0 12 .0 040 . 0
03 .0 06 .0 03 1.4
03 .0 06 .5 036 .5
02 .0 12 .0 022 .0
0 1.0 03 .0 023 .3
01 .0 20 .0 07 1.0
00 .0 14 .0 04 3 . 3
05 .0 12 .0 033 .3
04 .0 0 1.2 0 15 .2
06 .7 14 .0 035 .7
04 .0 22 .0 078 .0
02 .0 04 .0 016 .0
04 .0 06 .0 058 .0
09 .9 08 . 0 037 .9
o t h e r v / i s e  D = 0.
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APPENDIX A - 6 .
DATA SUMMARY OF LABOUR PER HECTARE USED IN TOBACCO PRODUCTION.
Sample Dummy Nurser  y Land T r a n s - Weeding F e r t i ­-  P la n t Water T o t a l
number v a r i a -
a b le
bed p repa ­
r a t i o n
p l a n t i n g l i z i n g p r o t e c ­
t i o n
c o n t r o l l a b o u r
( 1) (days) ( d a y s ) (days ) ( d a y s ) ( days) ( days) ( days) ( days)
0 1 1 08 .6 20 .6 36 .6 44 .2 11.4 02 .8 22 .9 147. 1
02 1 15.0 22 .0 44 .0 70 .0 2 2 .0 0 0 .0 12.0 189.0
03 1 17.8 20 .9 4 3 .2 46. 1 13.9 08 .9 18.3 169. 1
04 1 00 .0 25 .2 44 .2 76 .3 29. 1 0 0 . 0 27 .8 216 .7
05 1 17. 1 05 .7 28 .6 37. ' 05 .7 02 .9 22 .9 120.0
06 1 07 .5 08 .0 40 .0 32 .0 08 .0 0 3 .0 09. C 107.5
07 1 37 .7 25 .0 45 .8 80 .3 30 .4 0 0 .0 1 3 . 2 232 .6
08 1 00 .0 22 .9 34 .3 51 .5 18.6 0 0 .0 08 .5 135.7
09 1 08 .7 14.7 17.7 35 .2 08 .7 0 0 .0 08 .7 096 .7
10 1 23 .0 24 .0 2 2 .0 45 .0 12.0 0 2 .0 14.0 142.0
11 1 16.0 20 .0 40 .0 78 .0 22 .0 0 0 .0 32 .0 2 0 8 .0
12 1 09 .0 16.0 24 .7 38 .0 06 .0 0 0 . 0 05 .3 099.  1
13 1 08 .0 16.0 32 .0 40 .0 18.0 0 0 . 0 14.0 128.0
14 1 00 .0 07 .5 2 8 .3 41 .5 03 .8 CO.O 07 .6 088 .7
15 1 17.9 11.4 28 .6 42 .9 17.9 0 0 .0 07 .0 125.7
16 1 02 .0 0 3 . 0 13.0 24.4 04 .0 0 0 .0 04 .4 050 .8
17 1 02 .0 08 .0 0 7 .0 18.0 0 1 .0 0 0 .0 0 4 . 0  • 04 0 .0
18 1 02 .0 06. C 2 0 . 0 15.0 06 .0 0 0 .  c 0 5 .0 05 4 .0
19 1 06. C 18.0 25 .4 2 1.0 06 .0 0 6 .0 0 9 . 0 09 1.4
20 1 00 .0 20. • 5 3 .2 33.3 11.1 0 3 .9 11.2 142.8
21 1 10.0 21 .0 2 4 .0 32 .0 0 9 . 0 0 3 . 0 12.0 111.0
22 1 00 .0 20 .0 2 8 .0 32 .0 16.0 0 8 .0 16.0 120.0
23 1 16.0 20 .0 32 .0 50 .0 20. C 0 4 .0 10.0 152.0
24 1 04 .0 08 .0 2 0 .0 20 .0 04 .0 02. C 04 .0 062 .0
25 1 08 .0 08 .0 36 .0 38. C 04 .0 14.0 12.0 116.0
26 0 0 9 - C 18.0 22. 1 18.0 15.0 0 3 . 0 12.0 097.  1
27 0 26 .0 32 .0 12.0 35 .0 03 .0 0 0 .0 16.0 124.0
28 0 08 .0 15.0 10.0 16.0 05 .0 03 .0 0 4 .0 06 2 .0
29 0 22 .0 30 .0 2 8 .0 31 .0 08 .0 00 .0 6 2 .0 18 1.0
30 0 20 .0 18.0 37. C 48 .0 18.0 0 0 .0 0 9 .0 150.0
31 0 64 .0 90 .0 60 .9 94 .0 2 2 .0 0 9 . 0 33 .0 372 .9
32 0 1 9 . 0 30 .0 34 .0 66 .0 10.0 0 0 .0 30 .0 189.0
33 0 10.0 10.0 2 8 .0 80 .0 10.0 0 5 .0 08 .0 15 1.0
34 0 06 .0 12.0 17.0 17.3 06 .0 0 3 .0 12.0 074 .3
35 0 40 .0 38 .0 35 .0 96 .0 30 .0 0 0 .0 45. C 2 8 4 .0
36 0 00 .0 16.0 42 .0 50 .0 06 .0 18.0 12.0 144.0
37 0 08 .0 16.0 08 .0 20 .0 08 .0 0 0 .0 12.0 0 7 2 .0
38 0 12.0 12.0 26 .9 34 .0 0 6 .0 0 3 .0 0 9 . 0 102.9
39 0 23 .0 06 .0 30 .0 88 .0 15.0 0 3 .0 34 .0 199.0
40 0 00 .0 12.0 16.0 60 .0 12.0 0 0 .  c 2 8 . 0 128.0
4 1 0 07 .0 1 3 . 0 18 .C 22 .0 04 .0 02 .0 08 .0 07 4 .0
42 0 07 .0 40 .0 16.0 20 .0  , 0 2 .0 0 2 .0 04 .5 09 1.5
43 0 00 .0 30 .0 15.0 23 .0 02 .0 0 0 .0 15. i 085.  1
44 0 3 0 . 0 12.0 36. C 42 .0 24 .0 CO.O 11.6 155.6
45 0 3 0 . 0 07 .5 2 0 .0 30 .0 11.5 0 5 .0 14.0 118.0
46 0 00 .0 2 3 . 0 6 2 .0 99 .0 39 .0 0 0 . 0 44. 1 267.  T
47 0 00 .0 10.0 2 6 .0 64 .0 10.0 0 0 .0 44 .0 154.0
48 0 00 .0 50 .0 30 .0 48 .0 02 .0 0 0 .0 0 6 .0 132.0
49 0 36 .0 12.0 24 .0 27 .0 06 .0 0 0 .0 18.5 123.5
50 0 00 .0 40 .0 56 .7 66 .7 2 4 .0 04 .0 2 0 . 0 210 .7
( 1 )  D = i ,  i f  the i tem  b e long s  t o  PTP a r e a ,  o t h e r w i s e  D = 0.
APPENDIX B
THE QUESTIONNAIRE
Survey o f  t h e  Economics o f  Termina l  
I r r i g a t i o n  Development
1 9 7 8 - 1 9 7 9
The Mayang I r r i g a t i o n  System
Number o f  Sample 
Name o f  Farmer 
L o c a t io n  o f  the  Farm 
S iz e  o f  t h e  Farm
PTP/Non-PTP.
Date o f  t h e  Survey
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1. WATER DISTRIBUTION AND TERMINAL IRRIGATION FACILITIES.
1.1 Source of on-farm water supply.
(a) From primary/secondary canal.
(b) From tertiary canal.
(c) From quarternary canal.
(d) From other farm.
(e) From other sources.
...............................  (specify) .
1.2 Did you have drainage problems during the wet season 
1978-79?
(a) Yes.
(b) No.
If yes, please specify the problems and is there any 
affect to the crop grown?
1.2 Did you have a problem of stress-day during the dry 
season 1979?
(a) Yes .
(b) No.
If yes, please specify the problem and is there any 
affect to the crop grown?
1. *1 According to your opinion was the water supply 
sufficient for crop requirements during the wet and dry 
seasons 1978-79?
A. Wet season 1978-1979.
(a) Excess water for paddy.
(b) Sufficient water for paddy.
(c) Sufficient water for secondary crops.
(d) Insufficient water for secondary crops.
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E. Dry season  ' 979.
(a)  Excess  wa t e r  f o r  paddy.
(b) S u f f i c i e n t  fo r  paddy.
(c)  S u f f i c i e n t  f o r  s e c o n d a r y  c r o p s .
(d)  I n s u f f i c i e n t  wa t e r  f o r  s e c o n d a r y  c r o p s .
2.  FARMING SYSTEM.
2 . T What kind o f  c r o p  r o t a t i o n s  were used in your  farm 
d u r i n g  t he  wet and d r y  s e a s o n s  ' 978-79?
(a)  Paddy -  paddy -  paddy.
(b) Paddy -  paddy -  s e c o n d a r y  c r o p .
(c)  Paddy -  poddy.
(d) Paddy -  s e c o n d a r y  c r op  -  s e c o n d a r y  c ro p .
(e)  Paddy -  s e c o n d a r y  c ro p .
( f )  Paddy -  s u g a r c a n e .
(g) Suga r c a ne .
(h) Paddy -  v e g e t a b l e s .
( i )  Paddy -  f r u i t s .
( j )  Cons t an t  s e c o n d a r y  c r o p s .
Note:  P l e a s e  s p e c i f y  t h e  t ype  o f  t h e  s e c o n d a r y
c r o p s / v e g e t a b l e s / f r u i t s  which were p l a n t e d  in  t h i s  
f  a r m.
2 . 2  Have you been in t h e  "Paddy Pimas Programme" in t h e  wet 
and dry  s e a s o n s  1978-79?
(a)  Yes
(b) No
2 . 3  Have you been in t h e  "Se conda r y  Crops Bimas Programme" 
in t h e  wet and d r y  s e a s o n s  1978-79?
(a)  Yes.
(b) No.
Note:  EIMAS (Mass Guidance  f o r  S e l f  S u f f i e n c y  in
F o o d s t u f f s )  Programme p r o v i d e s  e l i g i b l e  f a r me r s  wi t h  
l o a n s  for  s u b s i d i z e d  HYV s e e d s ,  c he mi ca l  f e r t i l i z e r s ,  
p e s t i c i d e s ,  a c o s t  o f  l i v i n g  a l l o w a n c e ,  and e x t e n s i o n  
s e r v i c e s .
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3. CROP PRODUCTION ; FIRST/SECOND/THIRD CROP.
The name o f  t h e  c r op  : ................................................
3.  1 Murser y
3 . 1 . 1  When did you do t h e  n u r s e r y  work f o r  t h i s  c r op  
s e a s o n ?
................................................................................................  ( d a t e )
What f a c t o r s  i n f l u e n c e d  t h e  d e c i s i o n  t o  s t a r t  t he  
n u r s e r y  work?
(a)  Water a v a i l a b i l i t y .
(b) Other  f a c t o r s  .
..............................................................................................( s p e c i f y )
3. 1.2 What seed v a r i e t y  did you use?  
(a)  H.Y.V.
( t h e  name o f  v a r i e t y )
(b) Local  v a r i e t y .
( t h e  name o f  v a r i e t y )
3. 1.3 How much i s  t h e  p r i c e  per  kg,  o f  t h e  seed and what  
s e e d i n g  r a t e  did you use?
(a)  The buying p r i c e  o f  t h e  seed was Rp .................
(b)  The s e e d i n g  r a t e  was ...................  kg / Farm.
3.  r .^ Where did you ge t  t h e  seed f o r  t h i s  c rop?
(a)  Owned.
(b)  From o t h e r  f a r m e r .
(c)  From t he  shop .
(d)  From t h e  Eimas Commi t t ee .
(e)  From o t h e r  s o u r c e s  :
( s p e c i f y ) .
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3 . 1 . 5  How many l a b o u r e r s  did you use  f o r  t h e  n u r s e r y  works?
(a)  Fami ly l a b o u r  ( d a y s ) .
Man .............. ; Women ................ ; Ch i l d r e n  ...................
(b) Hi red l abou r  ( d a y s ) .
Man .............. ; Women ................ ; C h i l d r e n  ...................
( c)  Wage r a t e  o f  h i r e d  l a b o u r  ( Rp / d a y ) .
Man .............. ; Women ................ ; C h i l d r e n  ...................
3 . 1 . 6  Did you have o t h e r  e xpe ns e s  f o r  t h e  n u r s e r y  works?
( a) Yes .
(b) No.
I f  y e s ,  how much and what  f o r  were t h o s e  e x p e n s e s ?
(a)  Ot he r  e xpe ns e s  were Rp ...........................
(b)  For .........................................................................................
3 . 2  Land P r e p a r a t i o n .
3 . 2 . 1  When did you s t a r t  working on t he  l and  p r e p a r a t i o n  
f o r  t h i s  c rop?
........................................................................  ( d a t e ) .
What f a c t o r s  i n f l u e n c e d  t he  d e c i s i o n  t o  s t a r t  t he  
l and  p r e p a r a t i o n ?
(a)  wa t e r  a v a i l a b i l i t y  .
(b)  Ot her  f a c t o r s  .
( s p e c i f y )  .
3 . 2 . 2  Did you have enough wa t e r  s u p p l y  f o r  t h e  l and  
p r e p a r a t i o n  works in t h i s  s e a s on?
(a)  Yes.
(b)  No.
I f  no,  Why?
t
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3 . 2 . 3 .  How many l a b o u r e r s  did you use  f o r  t h e  l and 
p r e p a r a t i o n ?
(a)  Family l a b o u r  ( d a y s ) .
Han .............. ; Women .................; C h i l d r e n  ...................
(b)  Hi red l a b o u r  ( d a y s ) .
Man .............. ; Women ................ ; Ch i l d r e n  ...................
( c)  Wage r a t e  of  h i r e d  l a b o u r  ( Rp / d a y ) .
Man .............. ; Women ................ ; Ch i l d r e n  ...................
(d)  D r a f t  animal  ( d a y s / p a i r ) .
(e)  Hi red r a t e  o f  d r a f t  animal  ( R p / d a y ) .
( f )  T r a c t o r  (days )
(g)  Hi red r a t e  o f  t r a c t o r  ( Rp / d a y ) .
3 . 2 . 4  Did you have o t h e r  e xpe nse s  f o r  t h e  l and  p r e p a r a t i o n ?
(a)  Other  e xpe ns e s  were Rp ...........................................
(b) For .........................................................................................
3 . 3 .  T r a n s p l a n t i n g / P l a n t i n g .
3 . 3 .  T. When did you s t a r t  t r a n s p l a n t i n g / p l a n t i n g  in t h e
f i e l d  in t h i s  s e as on?
.................................................................................  ( d a t e )
What f a c t o r s  i n f l u e n c e d  t h e  d e c i s i o n  t o  s t a r t  t h e  
t r a n s p l a n t  i n g / p i a n t i n g ?
(a)  Water a v a i l a b i l i t y .
(b)  Other  f a c t o r s  .
........................................................................  ( s p e c i f y )
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3 . 2*2  How many l a b o u r e r s  did you use f o r  t h e  
t r a n s p l a n t i n g / p i a n t i n g ?
(a)  Fami ly  l a b o u r  ( days )
Man .............. ; Women ................ ; C h i ld re n  ................
(b)  Hi r ed l a b o u r  ( d a y s ) .
Man .............. ; Women ................ ; C h i l d r e n  ................
( c)  Wage r a t e  o f  h i r e d  l a b o u r  ( R p / d a y ) .
Man .................; Women ................... ; C h i l d re n  ...................
3 . 3 . 3  Did you have o t h e r  e xpe ns e s  f o r  t h e  
t r a n s p l a n t i n g / p l a n t i n g  works?
(a)  Other  e xpe nse s  were Rp ...........................
(b)  For .........................................................................................
3 . 4  F e r t i l i z i n g
3 . 4 .  T How much N i t r o g e n ,  Phosphorous  and Po t a s s i um 
F e r t i l i z e r  did you use  f o r  t h i s  c rop?
(a)  N i t r o g e n  F e r t i l i z e r  .........................................  kg
(b)  Phosphorous  F e r t i l i z e r  .................................. kg
(c)  P o t a s s i um F e r t i l i z e r  .........................................  kg
3 . 4 . 2  How much were t he  buyi ng  p r i c e s  o f  t he  f e r t i l i z e r s ?
(a)  N i t r o g r e n  f e r t i l i z e r  were Rp ...............................  / kg
(b)  Phosphorous  f e r t i l i z e r  were Rp .............................  / kg
(c)  Po t a s s i um f e r t i l i z e r  were Rp .............................  / kg
3 . 4 . 3  When did you f e r t i l i z e  t h e  c r op?
(a)  F i r s t  ...........................................  ( d a t e )  .
(b) Second ( d a t e )  .
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What f a c t o r s  were  i n f l u e n c i n g  you t o  s t a r t  d o i n g  t h e  
f e r t i l i z i n g ?
.....................................................................  ( s p e c i f y ) .
3.  4.  4 How many l a b o u r e r s  d i d  you u s e  f o r  t h e  f e r t i l i z i n g  
works?
( a )  Fami l y  l a b o u r  ( d a y s ) .
Fan ............... ; Women ..................; C h i l d r e n  .......................
(b)  Hi r e d  l a b o u r  ( d a y s ) .
Man ............... ; Women .................... ; C h i l d r e n  ....................
( c )  Wage r a t e s  o f  h i r e d  l a b o u r  ( R p / d a y ) .
Man ............... ; V/omen ................. ; C h i l d r e n  ....................
3 . ^ . 5  Did you have  o t h e r  e x p e n s e s  f o r  t h e  f e r t i l i z i n g  
works?
( a )  O t h e r  e x p e n s e s  were  Rp ............................................
(b)  For ............................................................................................
3 . 5  Weeding.
3 . 5 . 1  Did you do we ed i n g  on your  c r o p ?
(a )  Yes .
(b)  No.
I f  y e s ,  how many t i m e s  d i d  you do t h a t ?  
.......................................................................  ( t i m e s ) .
3 . 5 . 2  How many l a b o u r e r s  d i d  you u s e  f o r  t h e  we e d i n g  works ?
( a )  Fami l y  l a b o u r  ( d a y s ) .
Man ............... ; Women ................. ; C h i l d r e n  ....................
(b)  Hi r e d  l a b o u r  ( d a y s ) .
Man ............... ; Women .................... ; C h i l d r e n  ....................
( c )  Wage r a t e s  o f  h i r e d  l a b o u r  ( R P / d a y ) .
Man V/omen C h i l d r e n
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3 .5 .3  Did you have o th e r  expenses  fo r  the  weeding works?
(a)  Other expenses were Rp .......................................
(b) For ...................................................................................
3 .6 Pest  and d i s e a s e  c o n t r o l .
3 .6 .  1 Did you have any pes t  or o th e r  d i s e a s e  problems on 
th e  crop?
(a)  Yes
(b) Mo.
I f  yes ,  what kind o f  p e s t i c i d e s  did you use and how 
much were t h e i r  buying p r i c e s ?
P e s t i c i d e s  Amount Unit Tota l
Used Used P r ice  % Value
(kg) (RP/kg) (Rp)
1 .
2 .
3.
4.
4.
5.
T o t a l
3 . 6 . 2  V/hat s o r t s  o f  p e s t s  and d i s e a s e s  a t t a c k e d  your c rop ,  
when did they  a t t a c k  and what were i t  e f f e c t s  on the  
crop  grown?
Pest  and Age o f  p l a n t  Area damaged
d i s e a s e  when a t t a c k  Hec ta re Percen tage
(days)  '1 ) (Ha) (%)
1.................................................................................................................
2 .................................................................................................................
3  ..........................................................................................................
4  ..........................................................................................................
1) Number o f  days a f t e r  t r a n s p l a n t i n g / p l a n t i n g .
Ia
J
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3 . 6 . 3  How many l a b o u r e r s  bid you use  fo r  p e s t  and d i s e a s e  
c o n t r o l ?
(a)  Fami ly  l a b o u r  ( d a y s ) .
Man .............. ; Women .................; C h i l d r e n  ................ ..
(b) Hi r ed l a b o u r  ( d a y s ) .
Man .............. ; V.'omen ................ ; Ch i l d r e n  ...................
(c)  Wage r a t e s  o f  h i r e d  l a b o u r  ( R p / d a y ) .
Man .............. ; Women ................ ; Ch i l d r e n  ...................
3 . 6 .  *4 Did you have o t h e r  c o s t s  f o r  p e s t  and d i s e a s e  
c o n t r o l ?
(a)  Ot her  c o s t  were Rp .........................................
(b) For ..........................................................' .................
3 . 7  H a r v e s t i n g .
3 . 7 . 1  When did  you h a r v e s t  your c r o p s ?
( d a t a )  .
3 . 7 . 2  How many k i l o g r a m s  was t h e  y i e l d  o f  t h e  c rop?
.....................................................................  ( k g ) .
. 7 - 3  How many l a b o u r e r s  did  you use  f o r  t h e  h a r v e s t i n g ?
(a)  Fami ly  l a b o u r  ( d a y s ) .
Man ................ ; Women ...............; Ch i l d r e n  ................
(b) Hi r ed l a b o u r  ( d a y s ) .
Man ................ ; Women ...............; C h i l d r e n  . . . . . . .
( c)  Wage r a t e  o f  h i r e d  l a b o u r  ( R p / d a y ) .
Man ................ ; Women ...............; C h i l d r e n  ................
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3 • 7 - 1I Did you have o t h e r  c o s t s  f o r  t he  h a r v e s t i n g ?
(a)  Other  c o s t  were Rp ..................................
(b)  For ........................................................................
3 . 7 . 5  Did you s e l l  your c r o p  y i e l d ?
(a)  How many k i l o g r a m s  did you s e l l ?  
................................................  kg
(b)  How much t h e  s e l l i n g  p r i c e ?
Rp .............................  / kg
4.  WATER MANAGEMENT AT THE FARM LEVEL.
4 . 1  Were you a b l e  t o  c o n t r o l  t h e  s u p p l y  o f  wa t e r  t o  your 
f a rms?
(a)  Yes.
(b)  No.
4 . 2  Accord ing  t o  your  o p i n i o n ,  on how many days  d i d  you 
need water  fo r  your  c r o p s  a f t e r  t r a n s p l a n t i n g ?
F i r s t  c r o p ,  .............................  days  a f t e r  t r a n s p l a n t i n g .
Second c r o p ,  ..........................  days  a f t e r  t r a n s p l a n t i n g .
Th i r d  c r o p ,  ...............................  days  a f t e r  t r a n s p l a n t i n g .
4 . 3  Accord ing  t o  your  o p i n i o n ,  which p e r i o d  i s  t h e  most  
i m p o r t a n t  f o r  t h e  s u p p l y  o f  wa t e r  f o r  t h e  c rop?
F i r s t  c r o p ,  .............................  days  a f t e r  t r a n s p l a n t i n g .
Second c r o p ,  ..........................  days  a f t e r  t r a n s p l a n t i n g .
Th i r d  c ro p ,  .............................  days  a f t e r  t r a n s p l a n t i n g .
4 . 4  Did you have any i r r i g a t i o n  works d u r i n g  t he  wet  and 
d r y  s e as ons  1978-79?
(a)  Yes.
( b) No.
I f  yes ,  p le a s e  s p e c i f y  t h e  t y p e  o f  w o rk ,  when i t  was 
done ,  how many l a b o u r  d id  you use and how much d id  i t  
c o s t?
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4 .5  Did you ge t  any i n f o r m a t i o n  on w a te r  s u p p l i e s  a t  
v a r i o u s  t im es  d u r i n g  t h e  l a s t  two seasons (1 9 7 8 - 7 9 )?
(a)  Yes.
(b )  No.
I f  yes ,  when and f rom whom d id  you r e c e i v e ?
Time Source o f  I n f o r m a t i o n
i n f o r m a t i o n  t y p e s
1.
2 .
3.
4.
5.
4 .6  Did you o r  your  f a m i l y  have " g o to n g  ro y o n g "  works on 
i r r i g a t i o n  d u r i n g  th e  l a s t  two seasons?
(a)  Yes.
(b )  No.
I f  yes ,  when and how many t im e s  were you and your  
f a m i l y  p a r t i c i p a t i n g  i n  t h a t  work?
Time t y p e  o f  No o f  f a m i l y  Work ing
w orks  p a r t i c i p a n t s  hours
1.
2 .
3.
4.
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If you do not participate in the "gotong royong" 
works, should you pay a penalty?
If so, how much (Rp/day).
Note: "Gotong-royong" is mutual assistance.
4.7 Did you have any irrigation fee for the last two 
seasons?
(a) Yes .
(b) No.
If yes, how much?
(b) First crop, Rp...............
(b) Second crop, Rp..............
(c) Third crop, Rp................
4.8 If your irrigation system is a field-to-field system, 
how about the following items :
(a) Vv'ater distribution procedures?
(b) Irrigation costs arrangement?
4.9 If your irrigation system is directly from an 
irrigation channel, how about the following items?
(a) Water distribution procedure?
(b) Irrigation costs arrangement?
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